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(57) Abstract: 


PROBLEM TO BE SOLVED: To 
provide a method for controlling 
osteoclastgenesis. 

SOLUTION: The method for 
accelerating or inhibiting the 

osteoclastgenesis includes a process JJj 

for accelerating or inhibiting Ca2+ — \ 

signal transmission in osteoclast ^ 

precursor cells, respectively. NFATcl <C 

which is a Ca2+ signal transmission £ 

molecule is proved to be a £ 

transcription factor essential to the QJ 

osteoblast formation. The method C 

inhibits the osteoclastgenesis by using m 

a compound which inhibits the signal o 

transmission through NFATcl. A Sg 

method for screening a compound for ^ 
regulating the osteoclastgenesis is 
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provided. A system for forming 
osteoclast cells from ES cells in vitro is 
also provided. The compound is useful 
for developing a therapeutic agent for 
bone reduction diseases including 
rheumatoid arthritis. 
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C ft IF ft * O K S ] 
C ft % « 1 ] 

?*ejit^ti**i***fci*»iflr*i*tafrai*. 
[ ft * js 2 ] 

«#ffllBI9KaiBCft*tICa l "5/7^;HB)ltfiJi**.H:llP»"JtIIS*. I* © t Iffl §B 

[ a * js 3 ] 

® t Iffl §B flu « ffl §8 IC ft it ICa 2 *;/7;Ul,1c}f tftJttfcttfflU'JT I IS#. §8®t*lB8 10 
Si IE m m c ft it 3NFATc1<i)f§S$fetti5<litffiiit fetttfPS'Jt ni?»i. »*« 1 C 

C ft * * 4 ] 

t8*£tiffl§§Jsui§flB§8lCftit2AP 1 ® 1 -j*fett J t*lJH±QW»©*«*fett}8*tfi* 
[ ft * JS 5 ] 

NFATclOJStttf. NFATclfi J: C*AP 1 J£ * V 9 fi S. ft ft ? ft I . ft * Jl 3 C IE « <9 75 ft . 
[ ft * Jl 6 ] 

NFATclOiSttff. NFAT013V <fc Z/UUY <Z> ffl £ ft ft "? ft 7 . ft * Jl 3 IC 12 M <0 55 £ . 
C ft * Jl 7 ] 20 

«#«H8»at«J«Jt?55»?ft^T, StnBffiKBBC. H^:i-D>Effl 
ftJ;&f/£fcttl/7JU/$h , 7«»?-i±7lStSfr75fc. 
t ft * * 8 ] 

5R#iii§sr^t«piyt?^^%t79 , ;-z>7r3B»-?ft^T. 

(ol) *iKHbft» t SfrKfK&fcfcT. fctifflBBffil&ffliSlCft it 7Ca 2+ 5/7? ItfiltlK 
ait I IS. Jyj;^ 

(4) I8Ca 2+ =/ 7 / ;H5Jt*M* 7 ftft&TiifcT 3 IS. tSt'Sil. 
C ft * Jl 9 ] 

- l J>©56H**:tt«ttt*ilit7iaT*ft , K IS ( t ) * . IHy:i-'J>«!! 30 

[ a * ji 1 o ] 

IS (ol) **Hbft*t*t'KBO*fcT, t Jffl §S flu K SE §8 IC ?y it I MFATcl©* 
«**l*»*t*fflt J I*?ft «j . IS (/>) fr. ftMFATc1<?)56a 1/ t***tt«ttt 
»«t7fl;ftit*l!tllt?»?. tt*JH8CE«®75Ss. 

[ ft * * 1 1 ] 

NFATc1S>53'l£tf . NFATclft *CAP 1 fl? * * 9 18 S. ft ft 7 ft 7 . »«JRl 0IClE«<5/5fc 

a 

C ft X Jl 1 2 I 

NFATcIO Jgfttf . HFATdft J: l/UUY ©«£ftft 7ft 3 , ft*Jl10C!S«<?>/53j. 40 
C ft * Jl 1 3 ] 

*#»B»«tw*ij*zttft»t;i:7y-z>7T775»7ft->7. 

(ol) *«Htd»t3t'K»<9tF4T. ftfcteCNFATdt ttfcfctSBBfiliilBBC 
^it?5StSBiSr#EJ?t^ilitZlS. #1 <klt 

C ft * ffi 1 4 ] 

* t 1 -j © ft ft » . ?y j; c 1 -sjffett^nijjAitpi^ttcsFsrftZfflfttat'asK*. 
[ ft x ji 1 5 ] 

»<b ft » * . *^vza-y>©BB*fctt»ttt»wt^fcft»?ft?. ft # ji 1 4 50 
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[ m * js 1 6 ] 

Bfcftftft, NFATc1<?>£ft £ £ I* iS ft t 8P S«J t 3 ft ft «B 7 ft 1 . MX 41 1 4 C KB ft ft 
EE $ . 

[ a & a 1 7 ] 

Rfcftftft. NFATclfir «fc C*AP 1SE ft V ft « £ ft JS 1 81 3 t 1 it ft ft 7 ft 2 . ftfcJll 6 
IClEttftfflJfcft. 
C SI 5K Jl 1 8 ] 

ft<bft$2)#, HFATc1ftJ;&fDNA*ft»£ftffltfift*3ttft»7'ft 3 . IXAl 6 C IE 
BftfflJfcft. 10 

t m * jb 1 ? ] 

t X '> ft ft ft ft . t» ft . seftftftussa. a 2/* x v k * . ftj:&ftftft>5ttz» 
*«jaftrftj**?ft?. ft* dm 4ciE*©asr». 

[ 15 * IS 2 0 1 
fttffflBft 8ft fifc7ft -j t . 

(a.) tt«aBt*ftU7 = )5?xtt*aiB«t»artt7ia. 
(/>) i a (a.) ?#mi*aiBtM csfs feT7ft«rzia. 

(c) IS ( i ) 7$i>ft*.SBBtM CSF3V J; C# RANKLfc ft T 7*6 ft t Hi, 

t ft t,' a m . 

[fgflHftSHftaftaa] 20 

[ftffiftft] 

[ 0 0 0 1 ] 

**BBtt«taiBwaf5/7^^t«"jairz*ftc«r3. * Aft ft c » , ft t a b » 

[Hftftft] 
C 0 0 0 2 ] 

SBBftftttCftll7. BB*IHftSftC*«Jftft?ftZ5'7*;ue)tB:ft3:S*tStt 

<b u , j ttm*Tft©x7x 7*-ft**fcttftft(i^*fei*ftftft)*ftH*ftft3t 

ffiftU> 1ft^«»U7lB««<!)I«t*ttJ. BRftftSH*ftB#*ZBB8! 
<P»*fcCfttt3-afl>»fttH*r*C>!tt. fflBftft<b3?«fc&f*«ft»«»ftftft* 30 
ftHtlSt I fe4DCi!?Ji 3 (Karsenty, G. . and Wa9ner, E. F. (2002) Dev Cel I 
2. 38? 406). 
[ 0 0 0 3 ] 

fttSBBl*, ftftiRft «fc 2* llttft "i&iRft^fi Cft * ftff t «o #MB7ft 2 ( 

Mano!a9as. 8. C. (2000) Endocr Rev 21. 115 137; Teitelbaum. 8. L. (2000) Science 
28?. 1504 1508). ft * B B C <fc 3 t ft ft R . t 5 ffl B C <fc 2 t F>f* V M ft ft ft » 7 ft 7 

ins it ft i* ft ^ r. :?A7>xtiifei»»«fitn, ft ffl b. lefts ft n©* 

. A V i y K (Pa9et) #5. ftJ:C*t«tftt'*^ft*B'>tt (osteopenic) 9ft ft tt ft 
CHI 2 (Rodan. G. A., and Martin. T. J. (2000) Science 28?. 1508 1514; Takayana9 
i. H. et al. (2000a) Arthritis Rheum 43. 25? 26?; Takayana9 i . H. et al.. J. Clin 40 
. Invest. 104. 137 46 (1???); Kon9. Y. Y. et al.. Nature 402. 304 ? (1???); Petti 
t. A.R. et al.. Am J Pathol 15?. 168? ?? (2001 )). o 7 . ft ft SB BBS* ft P ® 8S« 

[ 0 0 0 4 ] 

ftlfoftHBC£*T31i«/77[]7;r-i/ , liOI§fiBBl*. ftft&Btftt'fflftftfllB* 
ftfflBlf V 7 t /H£ftt a U 7 ft tSBB CftJl * 2 (Chambers. T. J. (2000) J Pathol 
1?2. 4 13; Suda. T. et al. (1???) Endocrine Rev 20. 345 357). 0 9168^5/7^/1 
fiiilC Y -> 7 ft * 3- ft RANK13? «fc &f M CSF (macropha9e colony stimulating factor) 
7ft?, RANKL (receptor activator of nuclear factor k B Ii9and) tttnfs11. TRANCE 
. 0PGL, ODFftV * tW&tl, TNF7 7 $ 'J - 9? A h H X? 1 •)?, BtBBJffftftB 50 
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*»oSH6tS«M yr (Lacey. D. L. et al. (1998) Cell 73. 165 176; 

Theill. L. E. et al. (2002) Annu Rev Immunol 20. 795 823; Yasuda. H. et al. (1? 
98) Proc Natl Acad Sci USA 95. 3597 3602; Kon9. Y. Y. et al.. Nature 397. 315 
323 (1999); Suda. T. et al.. Endocrine Rev. 20. 845 357 (1999)). t % IS §3 "? ft E 
t Z RANKLI*&tSBfS<9#ttlCMG> V 7 7 II fcilt fi C t - 15 . t£JB88#^2&?tl 
2MCSFI*. £c«t7*l*-VZH*-?fc*Bcl 2 9 55 ft it t /V U 1 Bu 16 SB 18 Q £ # <?> V) 
i5^7?AttfeHt (La9asse. E. . and Weissman. I. L. (1997) Cell 89. 1021 1031 
). 

[ 0 0 0 5 1 

RANKLt t **.tt«5««IftM CSFfc £ * t ft ft I) op/op Y O X I* . ®# 10 

lfflBS9;Sft^*fett^<b©y^ii»<?)ltSCcl;V3l$ : ScrtlIta^ft^S.C!)1o?i?) 
Zt£35J& (osteopetrosis) tfttZ (Kon9. Y. Y. et al. (1999b) Nature 897. 
315 323; Yoshida. H. et al. (1990) Nature 345. 442 444). # SB IS <» % it <9 » 9 C 
«fc')5£#IB§St*<t£3I5^Y07f*. 5R#IB§3F*J*C&^<9*e¥B3-g>|b]5&CSU < 
*KL7?fe. PU.1<5?-!ry7 <>7CJ:H«tt, ®£lBi8ft,£G>Y?[]77-;/ , t 

*£c*fctt3t:>!»i5. pu. ii*. e#nemfiiBesta^fiiiiB9#ii«iDiB9»ftci 

5? ft 3 C >! #m r tl£ (Tondravi. M. M. etal. ( 1997) Nature 386. 81 84). C tl * 
ttttKtt C . AP (activator protein) l&^ftQ-BCtfT-ftSc Fost X^tnn* 
fcttNF (nuclear factor) k B<9 EE * ? ft 7 P50/52Q iStX^tH'J^tt, 119 
#X35ffit£ffitZ#Y9D77-5/ , ©f|}tttl*S?ft£ UCLA'S. C tl <i> «£ S E 20 
^ttl»/Y7D77-^lti8§^i8»^P)rll1U*.5Stilffl§S^Qf!)tSI(i<4)1 3 <?)iff^<5««E 

T U T II 1 C * 7 tl 2 (Franzoso. G. etal. (1997) Genes Dev 1 1. 3 

482 3496; Gri9oriadis. A. E. et al. (1994) Science 266. 443 448; Johnson, R. S. 
et al. (1992) Cell 71. 577 586; Wan9. I. Q. et al. (1992) Nature 360. 741 745). 
/JvBSft (microphthalmia) iftfi* t □ - F t 1 MITFt £ ft . 5S t IS B8 Wt ft C * £ ? ft 'J 

(Moore. L J. ( 1995) Trends Genet 1 1. 442 448). £ HE © flf 5? » S MITFtt M CSFlCfcM 
iSftttttl (Wei Ibaecher. K. N. et al. (2001 ) No I Cell 8. 749 758). Bel 2<2>SI$ft 
*»C®fflBB*W<&£fcC!5tt»fi*?fc3C*3fffi***l7U3 (McGill. G. G. et 

al. (2002) Cel I 109. 707 718). 

C 0 0 0 6 ] 30 

C tl * ? C . RANKLE V <9 <fc ? C 5/ 7* ? yi t fiflBSH Cfeitt *»C->l)7*<0»7tflf 
ftTtlT?*.. RANKLE 5Sff RANKIC iStfi ft "f 2 V: , TRAF6 (tumor necrosis factor recept 
or assoc i ated factor 6) TRAF 7 7 § 'J - Ifi 8»81 7 tl , Ctl^tfNF k BS !S 

« J:&fJNK«»T)Stt<b"r? (Darnay. B. G. et al. (1998) J Biol Chem 273. 20551 20 
555; Galibcrt. L. et a!. (1998) J Biol Chem 273. 34120 34127; Won9. B. R. et al. 

( 1998) J Biol Chem 273. 28355 28359). TRAF6« »tf « t »B C 1 1% 

oC*#. fce^MflFJt Y . ttlClfcll-ZfTttfctlfc. C it 3 TRAF6S- F X 

4 y <D®MmVi CJ; ') nO. (Kobayashi. N. etal. (2001 ) Embo J 20. 1271 1280 

; Loma9a. M. A. et al. (1999) Genes Dev 13. 1015 1024; Naito. A. et al. (1999) G 
enes Cel Is 4. 353 362). U # U tt fln> . NF /cBSStttfcftfiCl/Z + a- ** TRAF6$ 40 
S#tTRAF6 ' SBiSlC^AUTfc. t IS AS J»S» tt U X * a - 7 tl « » -> (Kobayashi. 

N. et al. (2001) Embo J 20. 1271 1280). C tlH <?> «S * K . ! /->^->-yT(>7 
0flf5?C<£«)NF KB*fta©«»tJ*->7l)3CVttBB>J»C«->fee©©. TRAF6<5 «S 
*»NF KBStt0*C*ft?ft*®?ttttl)C*tffi*O7l)Z. 

C 0 0 0 7 ] 

RANKLIStfc. c Fos<D$g8T R9 * 3 #. c Fostt 55 * SB §8 ff^ IC A 21 <5 <E 5 B * "? ft 
3 C * IC H # Cft -> T I) 3 (Matsuo. K. et al. (2000) Nat Genet 24. 184 

187; Wa9ner. E. F. . and Karsenty. G. (2001 ) Curr Op i n Genet Dev 1 1. 527 532). c 
Fos<9 3- <9 t Fra 1^c Fost X^t nOZ?)tX15)f!tl/Zti-t? 

CVt^mrtl^.^ (Matsuo. K. etal. (2000) Nat Genet 24. 184 187). C <?> it * <5> 50 
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r < v b ? )\, >) - y v t < y 7 xz & . Fra mtttfflB»«c*^ x?» « u c * 

#*o£e?ftfc (Karsenty. G. . and Wa9ner. E. F. (2002) Dev Cell 2. 389 406: Wa9ner 
. E. F. . and Karsenty. G. (2001) Curr Op in Genet Dev 1 1. 527 532). RANKLtt £ £ . 
ERK, P38, ar <fc Z/ Akt2 ¥ <0 % Q-frJ- t -Stt^ t 1 # . ® t ffl M J* C ft I) 1 Z *l ^ <9 # 
}#S5S«&TftT#l*»fcStiC{tXL?-tl7l)Sl> (Matsumoto. M. etal. (2000) 
J Biol Chem 275. 31 155 31 161: The ill. L. E. et al. (2002) Annu Rev Immunol 20. 7 
95 823; Wei. S. et al. (2002) J Biol CKem 277. 6622 6630: Won9. B. R. et al. (19 
79) Mol Cell 4. 1041 1049). C <9 <fc ? IC . RANKU ft & TRAF6SS S& ft <fc 1/ c Fos&S&S 
y©TSI<?)-V7^;i/fi)tliKtt5SttlHlllB^SJ?C*^-?*)3CVttt*C«it4lTll2»f 
. TRAF6£B&ft FosfiBQTfc^ttfiitZtSttJaeSttMiJttTuail. 10 

ClUffrXlKl ] Karsenty. G. . and Wa9ner. E. F. (2002) Dev Cell 2. 389 406 

[#}fifXfc*2 3 Manola9as. 8. C. (2000) Endocr Rev 21. 115 137 

[#*HrXlK 8 ] Teitelbaum. S. L. (2000) Science 289. 1504 1508 

[#*fiTXltt4] Rodan. G. A., and Martin. T. J. (2000) Science 289. 1508 1514 
if XHK 5 3 Takayana9i. H. et al. (2000a) Arthritis Rheum 43. 259 269 

[#S*8fXlK6] Takayana9i. H. et al.. J. Clin. Invest. 104. 137 46 (1799) 
7 3 Kon9. Y.Y. et al.. Mature 402. 304 9 (1999) 

[#5f if Xi* 8 3 Pettit. A. R. et al.. Am J Pathol 159. 1689 99 (2001 ) 
if X8* 9 3 Chambers. T. J. (2000) J Pathol 192. 4 13 

[#ftSFXlKl 0] Suda. T. et al. ( 1999) Endocrine Rev 20. 345 357 20 

[#»SFXltt1 1 ] Lacey. D. L. et al. (1998) Cell 93. 165 176 

[#»rFX*n 2] The ill. L. E. et al. (2002) Annu Rev Immunol 20. 795 823 

[#»SFXIW 1 3 3 Yasuda. H. et al. (1998) Proc Natl Acad Sci U S A 95. 3597 360 

2 

[^SfifXitn 4 3 Kon9, Y. Y. et al. ( 1999b) Nature 397. 315 323 

[MifXm 5 3 La9asse. E. . and Weissman, I. L. (1 997) Cell 89. 1021 1031 

[ftftfFXlWl 6] Yoshida. H. et al. (1990) Nature 345. 442 444 

C#»aT*ltt1 7 3 Tondravi. M. M. et al. (1997) Nature 386. 81 84 

[lEftSfXiKl 8] Franzoso. G. et al. (1997) Genes Dev 1 1. 3482 3496 

[ttftrFXIM 9 1 Gri9oriadis. A. E. et al. (1994) Science 266. 443 448 30 

if Xi* 2 0 ] Johnson, R. 8. etal. (1992) Cel I 71. 577 586 
[#»8fXiK2 1 ] Wan9. I. Q. et al. (1992) Nature 360. 741 745 
[ # tf ft X IK 2 2 3 Moore. K. J. ( 1995) Trends Genet 1 1. 442 448 
[#5fSf Xltt 2 3 3 Wei Ibaecher, K. N. etal. (2001 ) Mol Cel I 8. 749 758 
[ttHft&M £ 4 ] McGM I. G. G. etal. (2002) Cell 109. 707 718 
[IfftffFXW 2 5 3 Darnay. B. G. et al. (1998) J Biol Chem 273. 20551 20555 
C#*t if Xlt 2 6 3 Gal ibert. L. etal. (1998) J Biol Chem 273. 34120 34127 
IftftstXtR 2 7 3 Won9. B. R. et al. ( 1998) J Biol Chem 273. 28355 28359 
[#*t if Xtt 2 8 3 Kobayashi. N. et al. (2001 ) Embo J 20. 1271 1280 
[#1t if XS3C 2 9 3 Loma9a. M. A. et al. (1 999) Genes Dev 13. 1015 1024 40 
C#!ff if Xtt 3 0 3 Naito. A. et al. (1 999) Genes Cel Is 4. 353 362 
CftftSFXttS 1 3 Matsuo. K. et al. (2000) Nat Genet 24. 184 187 
CftftSFXttS 2 3 Wa9ner. E. F. . and Karsenty. G. (2001) Curr Op i n Genet Dev 11. 
527 532 

C#5fifXiK 3 3 3 Matsumoto. M. et al. (2000) J Biol Chem 275. 31155 31161 
[ft® if XI* 3 4 3 Wei. S. et al. (2002) J Biol Chem 277. 6622 6630 
[#KJF Xlt 3 5 3 Won9. B. R. et al. (1999) Mol Cel I 4. 1041 1049 
( 5! $ <o H ,fv 3 

C3gflB#JS;*U J; ? * t Z ISK3 

( 0 0 0 8 3 50 


(6) 


JP 2004 154132 A 2004.6. 3 


**Wtt. fctlffl§8F*ifct I'Jffl t 1 553; 7«ttT 2 C * tHE* t 3 . 3#K)Ctt. * 

SBBJBBft SUSP t 1 t«* t I . 7 H C*$aBt3; . Ca l *V7?;HB)tt fc, 

S8# «J in vitro?* ft BB? Mft? ttJ*t**rj. * f§ W C <t V , tl&iRft^t® 

[SI«It*j*Tlfcd&©?g] 
[ 0 0 0 ?] 

TRAF6ft?Sft £ &fc Fosft 88 1* RANKLtf ft « t 3«ftSBEPJ£lCftl)7)3<B:ft7ftZtf. 
Cim<9ft!SttlL 1«V©«®*«tttM h2M>IZ£o7t5S'l£ft7ft2 (Cao. X. et 10 
al. (1996) Nature 383. 443 446; Ninomiya Tsu j i . J. et al. (1999) Nature 398. 25 
2 256). CQC^ii, RANKL V *&0<?>(l-5*fctt«&®)ft»tSSftft 

t?c^cj: , ;«#«B9*ibt»»teca*UTU7^i)7ii'*a!i)g*ttflf*»ti? 

. *AMKLtt&ffi«*tfflBfrfcC*ff-f Jt-5*t*ttlii(1 -5£;fett&&o>)ftBt|B]5£r2 

ift . $Si|Blmjir/^7^ RZ7 l J-:>77?D-f Ci'i, RANKLIC J; 9 
K)ICft$7ft, IL 1IC J: o 7ttft$7ft« l)M&?9n%t ft£ fe. ^©8*. *f§Bfl 
;# ^ tt . *c 3: H 3- <9 <P 7 £ NFAT (nuclear factor of activated T eel Is) 7 7 $ D - <9 
^ > A --??) 2 NFATdff. RANKLfiJfttt C* fc A II ft$ t * it 1 ft U . TRAF6ft 

ffi ft <fc &<■ Fosft »<Dffi«B<?>Taca5rilT«taiB*ftt3**rZ**7^vT?ftZC 
VtJU)«Ufc. 20 
[00101 

NFATIcSH^tt , ;>AS;Stt^CiD^KeH<5HB§3fg*d#UT3y , >l > Ca 2 + -?saS5^ 

ftZ7KX77^--tr?i?)3^;i/->Z2- l j>©SUfiPt55it?c , i:^j;<«ma7ii2 (Cr 

abtree. G. R. . and Olson. E. N. (2002) Cell 109 Suppl. 867 79; Rao. A. et al. (1 
997) Annu Rev Immunol 15. 707 747). * * W c ft II 7 RANKLtt , NFATcl 7 SI < ft • U 7 
SSttft 7 tt . NFATc1tt*C*fr 0 . c Fos* «» U 7 TRAPft V I- :>SI*tS 

t*«#aiBJte^ti««*r7[cv*2pJwufe. nv:i-y>iisi(j?»z FK506 

ft £ &f V 9 □ 7 Tit 'J > Att . RANKLE ft«rZttft*BB*»ff?ffiltt#ttllC!t<B8L&. 
Ca 2+ * U - 9 - t * fe. NFATc1<2>?!£±a 7 &13 T I V 8 C*# «BB»»fS K& « U fe. C 
fl>* , yc*56BH*m*. NFATcl <9 RANKLIC «fc 1 )% ft £ * % . Ca 2+ 3? 5/ Z a - 'J > ft 30 
?& 7 ft L 7 ft ') . C <9 ft ?& tt RANKL V 7^ A6*9l = J C 1/ h 

D^ibZCJ;'] NFATcl 7 J&fJfSS 7 tt 1 M RANKLIC <fc 3*J;«£UIC©tffl!l8PJ*#ft$ 
7ft. $ NFATcl t Xlt 2 tt# (ES) SB BS tt ® ft Iffl §8 IC # ft 7 ? 2 I) . C ft* <0 C * 
»*. NFATc1tt$ftSB§8<9f!£lCM<Z>fcSE]3-?ifc ') . RANKLE ft * t J SB 88 V 7 t K 
£Ji<?W >f7l/-?-?J)2 CV#|5l5£7ft£.. *^B8:£m*7>;iC. NFATd tt c Fos 
VttUU 7 5E 5 & ffi fit tt K 7K X 7 7 ? — t? (tartrate res i stant ac i d phosphatase ; TRA 
P) 3iJ;&J)P;H>SSff(!)?D?-y-t§t\ 5RftS8Bitfi3-<?>7*OE-*-IC 

fEBT3c*t«maMci.fc. nmtftfitn. «&ftsaia<?>«&#fticfti)7. nfat 

c1ttRANKL#ft» t ?t?»*Cll6fiSfiffltjlfet:)!#S*?ft2. 

[0011] 40 

*C*?U7^/5Ktt*y*?/-**0«Afr»fttl[ , J , 77fil (di sease modi fy 
in9 antirheumatic dru9 ; DMARD) V U 7 «] >i ft . VtPDtDT-h ■ T t F U? f - 
V C ft m I 7 de novo© £ V ^ *S y t J . 1/ 7 )U / $ h" tt , » » E 7* )U ft 

o*thlCftl)7. ft 5f& & IC ft U 7$I8$J)!I7£U 7ft ') (Prakash. A. a Jarvis. B. . Dr 
u9s 58. 1137 64 (1999); Sharp. J.T. . Arthritis Rheum 43. 495 505 (2000); Cohen. 
8. et al. . Arthritis Rheum 44. 1984 92 (2001 )). * iim® V 1 7 f <0 to £ IC $ A 7 tl 

(Kremer. J.M.. Ann Intern Med 134. 695 706 (2001 ); Prakash. A. i Jarvis. B. . 
Dru9s 58. 1 137 64 (1799)). U 7 H J $ K 9 fit V O 7 f «)* tt i IC TSB §8 <5 MB * tt 54 
ttft©»»JtaU7Bl*7*l (Breedveld. F. C. ft Dayer. J.M.. Ann Rheum Dis 59. 841 

9 (2000)). IBJB9B (allo9rafts) IC ft it J ft £ UP VJ * Y L 7 t V ') A ft>4 ft 7 II I ( 50 
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Williams. J. W. et al.. Transplantation 73. 358 66 (2002)). 
C 0 0 1 2 ] 

V 7 h J $ h" (Prakash. A. & Jarvis. B. . Dru9s 58. 1 137 64 (1???); Breedveld. F 
. C & Dayer. J. M. . Ann Rheum Dis 59. 841 ? (2000)) ft %G) ft V 1 1 ? SI <?>ESfR 

i) 7 i). «iJtorctmQ*»j©t«a^ffltt. AS»syffii:j;3iiiffls 

t 9# > & ? l)tt£®«<<>X7 x 5 *-aiB?*)Z#«iRtt*#ffllBtiaSt?C^C«»: 
Ilttfi8e<S>»ttG«?tt$l&->fc. U » U*56"fl* »J ff. fflB»<t* t « 11 T 1/ 
7Jl/^l*ttt»tSI-lfeC**. U 7 )l / 3; h" tt RANKLt ft?Z5&£JfflBflHtt&7JIC 
I85ISt2ia)StSt3C^»?Jafllfe. U 7 A- / $ K tt«tlfflBJS(iffifflB?RANKLtff 10 

J *JUV*>^3/7^*t in vitro-?ffiBt U . W#JBB«'<k©lK5:7 , D7?^<P*a 
fl»H3-?*> 1 NFATc1<3s8$ t & <liStfe. C <?> 51 £ tt NFATd <5 SRifl$)£5SBiC<£ ') U 

xti-rfti:)!»i;, nfatci i* fSffici/7^/$K0S5£;iitt7fc2c*#/Tv7ft 

>ft3i*invivo®iI«t*Wl/fc. tftt)-<7. 1/ 7 ;t / $ h' ttRa9 2jl£ : 5- Y O 7 <9 
X>K H s 5'>7»Srtl3*i£tt#«ftC*JU7. TSBB <5 5S ft fc » « < 7 t UPS'JS&S 

tfUfe. *GiBtcm?-tifciOji,tt. c®Dty)7f i©*#iiB»«c«til»ffi 

*S«ftBtflfiEU. RAHKLWSftC «fc V §S« * *l J tt t SB BF#E* C 1 KB S ft B t A » * 

ay^Yf*t#B*Ra©iX»®few C tt*tt C «fflt7^ii7*f*.*Wttta«ti 

20 

C 0 0 1 3 ] 

*fgfifltt. Ca lt 5/ 7? ;U £ £ <i> 18 C J: ') 5Rt8BBF*J*t MB? J 75ft. ttft&BJKR 
t«*rj<bA»©79U-z>7*flc. *J:&'*taB»J£t1IPtUr7E*fllf»«IC 
lb, J: y * # c tt . 

(1) «taB»«tfi»*fcttWt!ir355ft7fc-s7. 5lSt!fflBJSiKHBCfrit3Ca 2 + 

(2) «tlfflBSyl§lfflElC?rit?Ca 2t 5/7^;i/feJtt{£iitfett1ffS'JtIia^, M « # 
»B»MBc«it*aJUyza-y>®»«*fettStttM*fett»M**I«?ft 
Z , ( 1 ) IClE«<?>7ift , 

(3) «t aBffiiffiaBlCtf it ZCa 2+ V7/;Ufeiitffiil*fett8PSyt K«t 30 
BBIQSaBCftit Z NFATc1<<>fSE*;fett;Sttt ffi it S £ tt HP iti'J t ( 1 ) 

IC l£ «t> 75 , 

(4) tttttlBBflllKancftitZAP 10lT*fett^*L^±0«fr®BH3:fcttigttt 

ffiitfettHPSJtustr (1) c ic «! <<> tj ft > 

(5) NFATc1<9 istttf . N'FATc 1 Si * &f AP IK «■ * 0 « £ ft ffl 7 9» Z . (3) C IE tt <0 75 ft 
( 6 ) KFATcl <0 iS tt flr . NFATcl ft 4 fc&DNA*<&;I£ffffl?»>Z. (3) C 15 « <9 75 ft , 

(7) *#nB»atwwtx*»-?ft-a7. ©tifflBiuieiiBisc. U5»:i-y>B 

S»l*ir 4 fcC*/*fcttU7JI// $ K "* ttitt ? tt Z Itt t 3 1' 75 ft . 

( 8 ) « * a B » J* t IIP M * Z ft £ » t Z 9 'J - Z > 7 * Z 75 ft 7* »> •> 7 . 40 
(ol) ««ftd»tSt'ttfK2)#4ET, ©tlfflSSffieifflBC^ it ZCa 2 *;/ 77;H5«t 

imtug, ft * t> 

(fc) §Ka !+ -7 7;r;ue«tttJ#J*?ttatttJBK*ZI«. t g <t< 75 ft . 
(?) 18(a) * . **<bft»tSt'a»©#ftT, «tfflB«B«BBC3»itZ*^5/ 
" a - U > <D B JB * tt JS tt t « HI t Z I «7 *> 'J . Ii (4) ». i8»^5/Za-l>> 

0«au^*fctt«ttt»Mr*fcG»*JB*r?ia?»*. (8) c b « <?> 75 ft . 

(1 0) IS (ol) fr. *«lt6ttt8t'K»<5#ftT. ^tUBBSOKSBBlCfiit Z NFAT 
c1<&*B*fctt«ttt«ffl* Z I«7* «K Ifi (i) tf. I8NFATg1<<>$§E U *£tt 
5Sttt »*Jt 3 <t£3*>TSK t 3 187$) 3 . (8) ClE«<975ft, 

( 1 1 ) NFATc1<?)5Stt# . NFATclft <fc CAP * <?> *§ £ ft B 7 & 2 , (10)IC§2«<9 50 


(8) 
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(12) KFATcl <0 SS ft » . NFATcl ft <£&fDNAV<?>tg5:t1Bl?;?>3. (1 0) C 8c « <?> 55 
(1 3) «taB»SStW«)t7<tft»t7?y-z>7t755»-?>)-97. 

cftit?*tfflB»at«fflr?ifi. ftcfcc* 

(i) BIStaBJKJKtWMt ?<tft»t««t Z Ifi. tSt'SS, 
(1 4) t»'>ttS4©»«®*.iD®E*aflf»?*-3T. Ca 2 * V 7 t ;H£)t t WiM 7 3 

'> g < n 1 o on; ft » . ft £ o i T*fctt*ttiJ!ii±9*3ttc3t37tiztt(*t3*'fi 

JoJE"^. 10 

(1 5) ant ft » » . *^yza-'j>9*H*fettJSttTw*jrnbe»?»2, (1 

4 ) C!B«<9fflj£». 

(1 6 ) IS <b ft % . NFATcl <9 BS*fcttiStttlfP»ITZ«;ft»?&Z. (14) CGH 

(1 7 ) SHb ft & # * NFATdft <fc o>AP 1J*# V<?a£ffltlltt7ft6»?>l?. (1 
6) C IS tt ® ft tt . 

(1 8 ) «ttft»*. NFATcl ft <£c>DNA* QfflSfE fltfif 7 3 lb ft » ? ft Z . (16) 

(1 9) t*'>tt**#. *B CE« £e&42£18!$. AViyH, « J: C##B» H 
«2P«fc';}g£7tlZ£&?&3. (14)ClEtt<9fflJ5)?», 20 

(20) «taiso?S)i^)S-?ip)^T. 

(OL ) *fe*aBtJt«U? = 3Cjctt«aB*t»SS7tt3lS. 
( 4 ) IS (a.) ?ttmifcaBtN CSF£ ST?J§f t2 IS. 
(c) IS (4) ?SmifcfflBtM CSFft J: fcfRANKLfcft T?*8« 7 
tSt-JiS. C ffl * Z . 
[0014] 

RANKL 5/7^;HS3ttt«tfflB*ftCftfi?*)?»f. J ttltffV®J;'?ICC<5fflB»^J<5 
TRAF6. NF kB. fiiCc Fosg V © « t a 83 C A £ <5 * * # H $ 7 tl # . ^ tl «» ft 

urtit. rankle & tats 3?* Kite tt« 7 z aataa * 3 c * a? * -> * 30 

. *8flBt*. $7-o<?>J&««3:H3- NFATcl #c Fos*£» UTflStaEite^tlSSf! 

r^cvtiEQBu. ibbsm ««g*E^^ffl^> <e s a 3- e> is *o 7 tifcttatau tvo 
«fc ? ciij*7ti H»t as * #c u %. nfatci 5^ 18 7 7 x tt tt§t5E?& 3 £d». *fsufl 

* H »HFATcl5Ul»E8fflBt ffl l)7«t»B*ftC»it2 NFATcl <?>* Jt tt ««« t ffi U fc. 
NFATcl ' fflBC*UTRAMKL»»«t 3«#aB*<ttt»3K/7 9 □ 7 7 - VSKaB© 
SfgT-SBJr 7 tl . TRAPt*5S£ U SH^c Fmsft «fc t> RANKtt jE « C % 8 7 JCU^, NFATc 
1tt**BB<DB?to. *«fc-VTRAP**«aB0»tf C V#ft7ftfe. «#B 

B#S»« »J &fCNFATclJSttfc ft J: C«r it 7 FK506ft £ i> OA® H 8 58) * » * , * K V 

Za-y>S>»y>B<tStt»f*taB»flecftitZ NFATc 1 <9 >SttttlC£3S?&ZZ*# 
8B>4#*So.fe. Ca 2 + * U - -? - V 8#1BKK»III 7 tl £ C V I* . Ca 2 + O qj » it 40 
#RAKKL*»*t ? «#aB»3SCl5?*) ? C>£ t^i«t 3 . 7 «S IC . RANKLSJ M M 85 IC 
ft I) 7 NFATcl^ $ ft <£ i> Ca 2 7 tl. IL HUME? tt B* 7 tl « I) C * # * . 

SttRANKLff fctaBBt »« L . IL mMl«U9»f, Ca 2 + V 7 ? A- it? 53 <b 7 
tl 1 NFATcl « B#s5iflBU7U2C*#;Tvo£7tl3. C <<> J; ? IC. * *y : i - 'J >C* 'J 
II SS 7 tl Z NFATc1fiBl*«ft aB»tt t tt« 7 I RANKLV 7^;ife)t©»3q)ASiiS^? 
5) 2 . RANKLE |D]8tCFK506t&a]7 2 V NFATclB* tt * fttl JIVli-'J 
> tt . 5StaflS*<b<?)«J«ICS*7tl3 NFATcl© ittii-HCl 5? 9> IOJ#*«7H3 
(B8). 7>JC. FK506t RANKL1UB 9 484 ID tt CBMMC^iD 7 ? V , NFATcl* 1? ft 7 1 IC 

e Ht> »j rataB»fl?i*3fcft cB»7ti * «fii«f-n cv»>i. duvzi-v 

y » a 55 NFATcl iSttttl*. «taB*lk<5«»?6IH?ftJCV»S*rilI. 50 


JP 2004 154132 A 2004. 6. 3 


C0015] 

RANKLV 7 7 H»H¥ /cB<fir<fcc*AP 1fty9*ESE3-t;Si|i<b?Z;?>:tt82<«S7ft 
71)?. ££-£7, TRAP5I * <9 7* □ € - 9 PU. 1 , MITF. ft <fc t> IRF 4ft * <9 
?S * IC <fc ') I^Sfi 7 ft 1 Z Y *Sft 7 ftfe (Matsunono et al. . J. Biol. Chem. (2001 ) 
276. 33086 92; Luchin et al.. J. Bone Miner. Res. (2000) 15. 451 60). U # U ft * 

* , rankle. y^.t^ciS'taisae^Qic^cis^^t-ite^a^c^tiffliSPfJi: 
y 7 ^ ;u t fiat ? #i* jo "i tiTft «5 r , rankle 7 7 ^fiit * , ^tiBSS© t 

i?» 7 tt 3 * <5^Q r> ft # ') 13: . 5S ± IC tt 9 8 7 ft 7 I) ft # -> £ . **«caH) 

7. NFATd ttAP Uttft U 7TRAP««fc&f* h Z>**#fty©«tfflBJtfi* ©«» 
*Wtl8ttfcr*C>!tfffiTft. NFATd : AP llteftff J*!!ft5Kt SBiS^fSS t J t 10 

Hmm&it J Z Yttmttl*.. VViJ07'[]t-*-fc, NFATc1»H?}gtt<b 7 ft . C<5 
iS&ttttc Fost lo)^Cin^lC^CJ; , )»'liUfe. 7 ^ C . AP 1 * tttt? 3= ft l» NFATd 
$«#C^'J, NFATd Y AP U «5«tt*C 9?D t - * - t IXcSttlb t ? ® Ci 
5?ftZC>£tf*iii&*ft^>fe. FK506M U feBMMft J: c*c Fos* *BMM7 tt H9 * Y t . NF 
ATd»*#ft < ft 3 C >; » v> , NFATd U Fos V ® tt tt tfNFATd 9 S «»* C 1 5 ? ft 
3 C V 7ftfc . Cft^9«$*C-Sfl7. NFATd ^ J; c>c Fost fStt T UFO 1 )^ 

"5 . cti«59H*9M*D# 7- - gft(5»«i5raB*fti:^7tu?ftJc 

*#m*7tlfc. NFATd V 9tt»tt . J.C + fT.ftiESH^T-ftlAP 1»HBS»Afl« 

(E*t«ttr?»«c:Brxif*«3H«tattr?*s7. 20 

[001 6 ] 

TRAF6 ' BMM3V J; £> c Fos ' BMM? tt . 1 * V t . RANKLtf SI * T I NFATd $ H 9 §g 
lftJiin»*fttilc>;»ii, c9^$ttffi7j9&8cttft*3c>:#M7ft3 (hi 
5A). CilfcttttKttC, RANKL7 Uft U £ NFATd ' ESffl 13 C ft it 2 TRAF6ft ^ c> c Fos 
9fgattiE$IU$£7ft;fe. (I^HSf-J). «£^7. NFATdHBtt C ft * 9155 9«B 
<5Ti?ffffltI. JSA±t*t>ttZ * . NFATdt L ;S #Hb t 3 RANKLE 7 7 A,fi«9 
* y h7-99»fc9J0J!,ttJK9,fc?ca:*tomiZ. RANKLE 9 3? S ft 7 ft 1 RANK IC 
8St TRAF6S& » . c Fos/AP 1 g B . ft J; c> Ca J A V : a - 'J >S»t St> 3 ^ 

9Jfc««B#}Sttfc7ti3. n s ;:i-y>*«tt*a?, NFATd tt ap u tt tt u nfat 

cl mRNA? ffliD 7 tt I . TRAF6t 3V ^ < NF /c B9 IS & t ftU 7 , C 9 NFATd mRN 30 

A9Sfc*i+ilC(a# t J . TRAF6tt£fe. $ X £ 5£ tt 9 IS© ft V 9 * JO 9 t ftU 7 , 
NFATd 3 tl X 1/ «l ^9lB» C * * t 1 . C9<£"?C. RAMKLC * 3 MFATcIS fi H U ^ A © 
SHft7y7-L/^iU- s y 3 >tt. TRAF6SlS&ft «fc £*c Fos/AP 1«H9l8»<PTJtC*ll 
•Z&fttilJ . 7v7-l/^aU-h 7ftfcNFATclS£ Htt U 8 ;: i - 'J >«»fi«*Jt 
7-fgiU^fi L . c Fos/AP 1 Vttft U 7®#3ffl!B»£*98l*r:ft£9iK5««t*«?t I 
. *JS0JCSirftfc J: ? C. NFATd mRNAgl^ttc Fos' ffl§87tt^^lC^t)ft.3»f<TR 
AF6 ' )BB§a7tt*«a5«-fl$)CSS7ftfeC>;^ii, TRAF6M ffifi J;Cc FosiSg SttTiiO 

C 0 0 1 7 ] 

«S(ti{ffl§S«'^*^tt)Stt9«PSUttt«g9)6SC^o7l57ft , )> ^<5«J!l»<?)t»3tt 40 
t >Tv t liEUdtt *i U -3 -3 ft 1 (Kon9. Y. Y. et al. (1999a) Nature 402. 304 309: Takaya 
na9i. H. et al. (1999) J Clin Invest 104. 137 146). fcSWS'JS FK506 9V ^ CyAtt 
tlr^«l¥^rJiA<ffllli;tl7? : *.. *ffi?l7m7ftfc<fc"?C. Ctl^JJI/yii-'J 
>E»Wtt in vitro?«#iBlfi»JK t Si* CfiS t UttltlfoCVtm. # • ^ © * it 

ft»»»m*r*i?. iicsb7. t ffl Sttctm<9iffj755ibfeS : €7MS7ii 

JifFl^lT?})? (Cvetkovic. M. et al. ( 1994) Transplantation 57. 1231 1237: 
Leidi9 Bruckner. G. et al. (2001) Lancet 357. 342 347). £ ft tt » fgffl§8fty<Z> 

MQmm&cnt j z ix^ <Dmmo>%)%c s\? & z t til ^M&ffhj . «t^7, c 
tm<5»;u : yzi- , >i>?iSfi , Jttss9)&st9fe^cffiu2i»^tt. sstHBSCT-?* 
«its««ic^fflria4^i* (ii!fs*«y) tiincvtfftHu. ftiutt. 4 50 
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Ofifc t f 2. <>ft 3 . Ji?UB, U ^fctSBBtfttQiff *tt*^*«t * * t 

ft Br. NFATdfcAP 1*<?>*§i:f , FfflttlP&'Jt3C , i:CJ;M MFATc1»ttt ««5ft t Z C * 

C 0 0 1 8 ] 

l/7;U/5h'tt7-> , aA>l-. □ 7 - 7 7 . t^a?DT?t7 l J3>i:J: l J§Sl?tlJ 
iSftSftfflBJtQflltt? t*;HC^U 7ttiRft*3ftjIfffflt H-3 (PrakasK, A. 4 Jarvis 
. B. . Dru9s 58. 1 1 37 64 (199?)). 7 *C , lff4C««?ftfet HII'J'JYHa 

5? » ^ > U7*/5Fi*t**<&j*<7tftT7-ttZfity'77?*0 1 ->-*9>i z 

»V5^7ll ? (Sharp. J. T. . Arthritis Rheum 43. 495 505 (2000) : Cohen, S. et al 10 
. . Arthritis Rheum 44. 1984 92 (2001)). * 5g SB fC *ir l> 7 . U7W§K®»SRU:. T 
fflBC*itZ8PfS'J»}$tjffl*.7. flttJBBPJfc t t£ffl«) V U 7 U JC^tfOfl^^^ 
fc. V 7 )l J $ F l*$&/7 7 □ 7 7 - S/'ftglQttftlBBiniEIBBlClfStt 83 U . C 

a 2 * # 5S M T 2 NFATcllii iSCT^-r 2 C ^ C J: 'J RANKLE 77)U£itt(I3l,fc. * ?! BB 

* s i* * & . ©mtf'^c^DTtJKfiianicRSt? *j£H«-?nfatgi£3s#spr c« 

a 0 7 II 1 C * t XIE U £ (124). fSftt. L/ 7 ^ / $ F «NFATg1<?>?§8* £ ft 5S 

U7tt. ■ * 'J -5 7 f ***t*BB?NFATGl®S«to?ttt C » U 

fgJStfg* 7 ft*. C >: ft If 1*35 ll (026). C*l * tGfctt 3 * . MFATcm»© »*Jtt 
. «#lBB»ft iicd; it * ft 3 HS5$ «y o u 7 ftssttB * « «; 20 

7 l . NFATdliK® WVJtt 7 H IC , RAjS iCOKt ** ^ tl J 7f D -f K »*tttt SE 
t«iJt Jfetf)CUa?J>2. *fe. NFATc1<?>?§E<Z> £l**tt*£&9lffB*;|lH 
*Z**/t>ift*C*#»i. MFATcl (?) fSHIltlC, t ^1 t ? C V t 

«IB**/ti»ftZ. * . llcQJc^lU^fSflBt^ft. FK5062 V<5* A VI i - >; >m 

J; c> FK506ft «t»B#WCW07ffl»tottB«»Btai*C*»r*iJBUfc. C <i> C * # 

h « tt»0fit*tniBwa* t ii* dft-tt i c * ft, -5 ? f ^<5t?s«)6Sc3vi) 

[ £ 88 <9 » * ] 30 
C 0 0 1 9 ] 

* % BE c J: 'J , Ca* + V 7 7 A, # 3- . « c NFATcl t8t« J AS/ : i - U > y 7^*6 8* 
?t*«VtJ, *tBB»fl?t »J«r 2 ££tr&#7ft£. *fe. Ca 2 * 5/ 7 7 K * * . 
iff CNFATdt S<t> a^yZi-y>5/77*£B**t*B*r3.«#fflB»J5J?Ttt't l J 
*ZttGB<5»fc«Z9y-::77£»tf«tt7ftZ. ISJtSRffi 

[*it««tUli)<PlAO»«] 40 
C 0 0 2 0 ] 

**Wtt.«taiB»BfflBCftit2Ca t *5/7^^fiJltfi)i*fettWllljr2I«ta 
t«. *t ftYftfctSBBMt ft** fcttWSUt 3 SICl 7 Z . $5!fli^lJ. Ca z *77 
7 /He it # . TRAF6& ft fir <fc c> c Foslg B*a^?«tJBB»JBKlU/&B<l>5/77;u?fcJC 
VtaiHU*.. 5S tSBBSuBBBlCft ll 7Ca 2 *5/ 7 7 )Hc* t ft* 7 I C * IC <fc ') . 18 IS 
B<?)«#lfflB^ci)*<btffi*73C'i;^7? : ,^CCa 2t V77^eJitffiBit3C^ICJ: 

ttBBoBtfflB^frfctllBrjCVtf?**. 
C 0 0 2 1 ] 

*Bffl»c»U7»*fflB (osteoclast) *tt, lfcfli$*ffl B 7 ffi35 * t J 7 7 □ 7 7 - 
7 • SS&lfflB (CFU M) J;«;*fcOfcB«<0*tfflBfflBJBBaifttaU7»»?7ft** 50 
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$§SB887ft3 (Uda9awa. N. etal.. Proc. Natl. Acad. 8ci. USA 87: 7260. 1990) 
. -&CJfc*ftU£«£tl!Bi3l3:> 5H5«&fiiftBt7 * X 7 7 9 - V ( TRAP) . H5/H> 

ay «fc 2> M CSF* § # (c Fms) t £ $ U . t « "R « t 

St. ® t si is m i* , cft*®8«0'>«<*fciotevc*u»*zcvfr?*3. 

» * 0 < , TRAP»ft# r> t fciRSSft t ft ^ SB 18 7 ft 1 . in vi tro*8 « & IC ft ll t < flfl 

• ? 0 □ 7 7 - 5/* & 85 86 SB §8 (bone marrow monocyte/macropha9e precursor eel Is: 
BMMs) 13: > M CSF (macropha9e colony st i mu I at t n9 factor; 7 9 □ 7 

SStH}) SftT7 RANKL© Jj»tlC J; ') fctSBHSCfl-ftf 3 . 

*56WIC*U7 r*£tSBl3l?iiigSBlB (osteoclast precursor cell)j >: tt . «# 
SBlSCfl-ftU*§l7?077-7i#*6BlStfl)> «fc ') It 3L 3" ft 13? . M CSFlCf&S L 7 10 
JiMttffiJi?- ft 7 SBlSt f 7 . 5fc t SB 13 Su il SB IB 13; . #W^fettKKlCSftL 2 SB 18 7 ft 
-> 7 e J: < . SBl8*fe7ft -> 7 e «fc I) . ^'S'iSBSMOSEffleSt^i&iIii^fflBS^ ^ in vitro 

7frft?tt3c*£7$ : Z (KR0J8) . 

[ 0 0 2 2 1 

**«l8<0»SKtt. 0J2,l3r*fW (Yasuda. H. et al.. Proc. Natl. Acad. Sci. USA 
95. 3597 602 (1998)) IC « -> 7 ft « * 2 C V # 7 2 . C tt . flJ *. I* fitt 7 ft ft K 

. ttii/itfFs:i7t«Ktfist3:^?n. * & . mtt&$«cj;Mf&E8Bi8 
t H * u «; . trap$ e * . nn:>5Sft*Jitt , y< h □ * o f 

ftW$iy<?>&a]Ci>fcaifclCJ;M. in vivo ft J; t> in vitro Hia?*#fflB»«ti*fflT 
i:*#?n. £ & >R 7 ft ft (* . fflfc*fc3WJ^±?<^>t*|R»ttt&M®£»CJ: , ; 20 

* ? c * #7 ? z . 

[ 0 0 2 3 1 

Ca 2 * v 7 + JUcJt V tt. /MBit # * ® Ca 2 + A Hi * t ft C M < MJtHtiibfcSBlBW^ 
<i>Ca 2 "3fc ACJ; ') Sftft7ft I 7 7?;U£iit f 7 (Crabtree. G. R. . and Olson. E. N 
. (2002) Cel I 10? SuppI. 867 7?). Hyli-^tt, Ca 2+ 5/ 7 ? JUgjt* 8ft * 2 
*777?--t?7ft , )> NFAT 77$l)-CS*2t£SII*0gt$ftJ;o*5Sftft7§J3fiSU7 
1)1 (Crabtree. G. R. . and Olson. E. N. (2002) Cell 109 SuppI. 867 7?; Rao. A. e 
t al. (1977) Annu Rev Immunol 15. 707 747). <P 7 t NFATdttCa 2 * ;/ 7 ? )l/ JI C H 
4-fl*s7*n,1'3-9'\->-*9> t ), HV:i-';> (calcineur in; Cn) C * 'J Jtt U > 
BS ft T 8 it T iS ft ft 7" ft . 8B18H#m2lC#fib. DNAQ NFATiSSS ftB«C8607 30 

T 3t <9 & £ * O) K 5 t M 8P tZ (Graef IA. CKen F. Crabtree GR. : NFAT si 9nal in9 in 
vertebrate development. Curr Op i n Genet Dev 2001. 1 1:505 12) . $ £NFATc1 13: AP 1 
VfiSfEEU, NFATcl/AP * t »fl? * 3 . NFATcl <0 St G IC «fe ') «fe ¥ tfi SU 8P 7 ft 

ZHe^HTIJ, NFATdfcfc} g £ , Jt&flCTRAP, JAm>SSi$, 2 t 7* V 7 K 
. 3 )l> /K Z v 7 7 7 £ K 7 - -P II (CAl I ) , fi E# ? I- 'J y 7 X * 9 O 7" U t 7 - V (M 
MP) 9 * V ©ite** #if H ft I . 
[ 0 0 2 4 ] 

*$gafllCft I) 7Ca 2+ y 7 t h t fflii t 3 * tt . Ca 2 * V 7 t il feil <9 ;S ft ft . t^t>^V 
7^A*^©f!)Stl§SfeaiS6ftn:^ ft? UttCa 2 *?/^/^^!!©^^^^^ 

lit tt I C*7ft t> 7 J: < . ^tft t a U 7®taflBSff0PJ:ttffiit 7 ft ? . tfeCa 40 
2 *V7^;i,Giit«PIUt3>:tt < Ca 2i 5/7^)l/feJl(?)lirft#*fettffl&9@RftRlSt 
K^?Di7J;ll. Aft«lCt3:> ffl % l*Ca 2+ v 7 f h fiii O) Wl'Jtt . Ca 2 "5j»ft. U )l 
5Ti-U>}8tti:fett56H. NFATcl ^St*.ttflS^ , >l>Kftey^^lr^ftI. ^5!BHIC 
3V I) 7Ca 2 * -7 7 ? ^feil^ffiJi * fettfiPIUH: . *t ft T ft . J;')»t ttlttl : : - U 
>©*«*^tt}Stt©«JI*fettW«iJ«f1Mr«Jft2. 
[ 0 0 2 5 ] 

J^yZi-'JXJ. *^7 0Z.3ir«fcc>*)lt72 i ;7CJ;^7S l japrftIi2 l J7 • X 

^^z>S5^ | >l7KftR«7ft , ). xs. ftss^syicissffiuts^tTiii ( 

SKibasaki. F. etal.. J. Biochem. 131. 1 15 (2002)). J^ ! ;:i-y>?)SSt7 
llvFTHIUyli-^AKllMItll-jF^OtiiCTft'J (Klee. C.B. 50 


(12) 
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et al. (1979) Proc. Natl. Acad. 8ci. USA 76. 6270 6273). a. B ft <fc U r 9 3^ <0 7 
< V 7 t - LffVi ft7 ft . 91 W> » <P IB 7 A 8 <9 ft £ * tl T I) 2 Ulee. C B. et al 
. (1988) Adv. Enzymol. Relat. Areas Mol. Biol. 6114? 200; Cohen. P. T. et al. (1 
996) Adv. Pharmacol. 36:67 89; Goto, 8. et al. (1986) Acta Neuropathol. (Berl) 7 
2(2) : 150 6; Kuno. T. et al. ( 1992) J. Neurochem. 58(5) : 1643 51 ). Ca ! "a^t7l 
:yh"fftiny:i-y>Btt, EF hand* tt-3 Sfi (Aitken. A. et al. (1984) 
Eur. J. Biochem. 139(3): 663 71). *&nQ7 4 y 7 * - LlM* 117 I) 1 . 

men u-z i by z x - v y *0i. d >i v z x - y y a<z> u r ft » 0 if 7 2 z y h v b<9 <?> 

[ 0 0 2 6 ] 

**y;i-';>(5*«^fij|i:tt, nHft©*^5/za-y 

tfcfcSSRQffiit. IIVIi- 1 ^ mRNA<9££tt<2>£Ji. HV: i - 'J >Sfifi9 

# 8? <5 ffl> !S'J , ft * til V 1} b */ Z x - V y 9 # S £ H J . & C * )l V Z x - V > <0 

* a <p up »j c a . natt<p»A»5/za-y>ite ; j-©e5:«j:&/*fettaiR<5»iu. * 

t ! /:i-'J> mRNA<9 ^ S ft <b <D fi it . «^VZa-y>»6H©*l»<5fi3t, * * 
CUy:i-'J> mRNAC ^tJ7>fC>7^fiSfettJ^->:i-'J> mRNA t ffl ff 

t3 y**^«vtseH*3c>!c«fcz*Bi&««vflf3*ftz. nvzi-yx? 

iStt^ftilft^&ftJU'J^bTt*. ^I, V Z a - y > 9 Aft y > « <b >S ft <9 ffi )t ft £ i> ff SU 
*ifitl3.«JtB:*^5'Za-y>Ja»ffJ^LTtt. FK506 . ;/ 9 □ 7 'J > A (eye I os 
porin A; CyA). ft * V t ft >> © fBWI* ft Y # <fc < ffl >; ft 7 I) 1 . Cft^Hyli- 

y >a»«c * v . * *y z a - y >iftt»sjt ? c *#°us&-?&2 . 

[ 0 0 2 7 ] 

5/ 9 □ 7 # 'J > Att . UStilZtttt^fc =/ 9 0 [ 3 t F D t 4 >< f )l 2 ( * f b 7 5 

/ ) 6 4 9 t j 4 ;n 2 7 $ j y f y h K7 y v k *Tii o^va ah * f 

;i/ CIOA- 771)1- 77IA ^ f A Cl-f VA * f A □ 4 V )V X f h A V K 7* % 
?ft. mitxm, 117. 118* 87481 /F 1 * U T lc IK ? tl Hb ft » ft «fc t> *t © 1 g ± IF 

§7ftZ&. *fett2Kfc»*#3i:ftZ. 5/9D7#y>AlCtt. fc&QttlH^ 

ftj;&»*ttfr*mft7l»3ff. C ft ^ © ? -t7NFATc1Qf!S t fclOllStZfflilfiMbft 

»t c ft u 7 ^ 9 □ 7 # y > a* u 7 s u z c v a?? ? z . v 9 □ 7 tK y > a<?>-» 

[ 0 0 2 8 ] 

[<b 1 ] 



a(I) 

[ 0 0 2 9 ] 

FK506I* *?ny^Z*fcl»aft.#I!«iK:ttft3* 17 7 'J A 1.14 ytKDty 12 
[2 (4 t h" □ * V 3 * h + V V 9 0 \ * V ;U ) 1 ^ f AC Z h ] 23. 25 7 X r t V 1 
3. 19. 21. 27 f (• 7 ^ f A 11. 28 V # * * 4 7 7 V 9 □ [22. 3. 1. 0 4. 9]tf 9 9 □ 7 
18 X> 2.3. 10. 16 7 1 rO>-?*?ft?79D ! 7>(IMbat»-?ifcZ. FK506lZtt. 0J7l*E 

Pi84. iez*&«* <5 -»» (i) >;bTiEia!rft?^bfttt3vj:c>^QSs±i ! FSrftiia 
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. ££tt7X$0tt)lr#§£tl2. FK506© - « fiS « <t 9 « ft t 5$ ( 1 1 ) C * U . * 

BE SB • C ft I) 7 FK506Ctt . Sreptotnyces tsukulbensis No. 7773 <5();?5Z hi/? I- 
X (Streptonyces) S <9 (ft 4 » » «J B It 7 ft £FR 700506, FR 900520. FR 900523, FR 70 
0525. ft £2*1*1* ©SI* £ tl Z . FK506 V U 7 tt & # < <9 HI ft » 

friO S ft? II J (EP184162. EP315773. EP323042. EP423714. EP427680. EP465426, EP47 
4126. W071/13887. W071/17475. EP484736. EP532088. EP532087. W073/5057) # , C tl 
H VMFATc1©*at t * fcft * t **W C » 11 7FK508* I7lil 

[ 0 0 3 0 1 

[ft 2 3 10 



I 


3UI) 
[ 0 0 31] 

*9B«C3irl)7Ca t *3/!r^;KS>fiittfetttti«iJtriJC»£tfl.B:, NFATcl G> 36 H * 
tt;S&0£^*£tttJP$ l J#'^i-riitl2. NFATd tt , Ca 3&*VZa-y>*#*ClKy> 
B*ft7tlT$#f7U. «c^5Stt4b-ri«c^H^-^1 ^T*i?)«J, TII8§8Cftit31Mr;M 

(Crabtree. G. R. and Olson. E.N. (2002) Cell 107: 867 877). I f> NFATcl mRNAQlS 30 
SE?J tt Accession number NM*006162IC. 9 & K 0 7 S= J Bt EE 5'J tt NP '006153IC « 7 tl 7 
1)3. * Y -5 X NFATcl mRNA<9 iSi 5!l tt Accession number AF237167, AF087434 (7 -f 
y 7 * - La.), ft J: t>AF04?606 (7 4" y 7 * - Lb) IC. CtmtfD-FtZ NFATd S & 
H<97 § / «ffi?ytt i *tl i ?tlAAC36725. AAC36725. ft £ c> AAC05505C 7 tl 7 I) 3 . 

[ 0 0 3 2 ] 

NFATcl Qf&JSQflEJtlCtt. WHttfl>MFATc1*fi*®<e5ft £2*/*^ttaiR<!)«i6. NFA 
Tel mRNA<?>$5£ft SJffiJt, NFATcl 9 & H <3 * 8 <?> ff HI . * * «l ft NFATcl <D % 9 tt Y * § * 
tl3. » C NFATcl ©*«©«JfflCtt: . « B tt 0 KFATdit * © IE 3 ft J; fe tt «fl ® 
Wfil. NFATd mRNA<i>*££ ft <9 M , NFATcl 9 £) Jt © «• ft <0 & it . ft NFATd mRNA 

C*}7Z7>ft2>Xf2It * fctt NFATd mRNAt W Br t JU/IC-^'fAftytfgStlCV 40 
C<fcZ5§aH3ttY#S*tlZ. 
[ 0 0 3 3 ] 

iJLI*, NFATcl 7 ft*K) C5B« 7 tt 3 CI* . Br S <& ft a ^ 7 * - IC NFATd t ffl * £ * . 
U tl t t Iffl §3 10 K SB §3 IC $ A 7 tiff <fc I) . ffllllC NFATdtfg 
8 * Z IR V fiJR tt tt < . DNAft £ o>RNA7 3 C * 'J 2 7 1/ f h" S ft . ft £ t> IS * 'J 7. ? U 

ti« i) *wse±tt e a i) . ^sc, 3t ksb§sc*i u 7 1577 / 0 4 )\, x ^ 0 9 -o 

5tfe^«AXJ3¥ttailC^y«ft7tl7ft'). r3S5C*JtZ)I£3-i5AlCEl)Z;:*ff°j 50 
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*8? ft 3 . t <t> ffi! . naked DNA<9 tt * ^> , «>*W>'fJl,zy*y-/*tfflUfea*ttV 
. In vivott*C» UTtt. *l9*-tt. 0J*.l£t«tJPtir^^ffr&$-T 3 C *#7?= I 

a 

[ 0 0 3 4 ] 

NFATd©;Sftft ©ffiit >: U 7 1*. NFATd ® tt y > B ft © ffi li Z . ± 12 9 «fc ? 

IZ NFATd tt * J, 3/ Z a - 'J 7 C J; «J & y 7 Bt ft 7 tl 5S ft ft t 1 ® 7 . NFATd 9 ;S ft ft <9 (£ 

iifl?t?C^?U. mXt$Ca. z * °I»)ft2Y<i>Ca 2t -777;i,<i>$Sftft7fco 7 

fc J; II . * . NAFTcl <9 'J 7 Bt ft 9 HP HI 7 J) o 7 t * I) . NFATd O 'J >ttltB« V b 7R 10 
. #J*. KGSK32 y tfffl 14 tl 7 I) 3 . C*l>J©y7aftlt*TfiSt'Z;:*CJ;->7. NFAT 
cKtHSftfttffiiStlC^tf?? 1 !. 3ffiC. NFATd 9 5S ft ft 9 UP WJ V U 7 IS . NFATd© K 

y 7 at ft 9 » tu # * tf ^ ti , ffitff^/i/yzi-yx^fgs^upsutfett^^i/za-y 

>®iSft©Ja*7ft-57*l). Ca 2+ 7 7 7 )b ©P*J £ fefciiiftsy 7 ifc ^ 7 fc £ I) 

. * . naftci ©y>«^b<?)ffiJi7*)^7fcj;u. ± ig © •? c 7 z a - y 7 © bi s 

flj* U 7 ft. FK506, cyclosporin A (CyA) . 39<fcc> i *tl>4<?>M#£y-?fl3l)ZZ*ff 
7*3. Cll^JJkyzi-^IISSJCJi'J, NFATd 9 ffi ft ft t HP t'J t 1 C V Pf tt 
75>3. *fgBJm, FK506, CyA, t fettlOJ * V : i - 'J >BS«C* 'K ®#ffflB<i> 

r^t^Isr3^^clt3.^J^^*^>l^vza-y>^lSfJ<?)?il^t«BiSB^iell^l^^<9^ ; 

7v7^yAy-c*y.*«^»tWiMt?c>rfrqr***Z. 20 
[ 0 0 3 5 ] 

NFATd© >g ft V b 71*. AP 1 >: ©ESftE. ft J; U DNA* <0 US £ fP £ * ^ "t >i tl 
2. NFATd 12 AP 1 * ttfcfc t »»? U . DNAIC S U 7 « tt it £ * © «6 5 t M & t Z . AP 1 
* <9ffi£tf EtMlS 7*1*. NFATd I* . NFATd0«fla»fc* <?*a"Stt»7*r. «fl 
SBBM t U S I) . «£o7. NFATd V AP IS? * V <0 ffl £ ft H . £ I* NFATd ; AP 1*D 
NAV<!>fi£rFffltfflit*fettia*r3C^c;j:->7. $tllBBffSJfcT J **li'tlEii*fctt 

[ 0 0 3 6 ] 

AP 1 EE # * « , AP 1t»flftIFos77$y-*fettJun775y-9 < X>A-tt7 ( 
Jochum. W. et al. (2001) 0nco9ene 20(19)^2401 12; Bio Science^ ffl 15 7 4 7* 7 'J - 30 

rfe^H^J . PUSE^ ¥±tt, PP204 205). Fos7 7 $ ') - O^ > K - U 7» 

. c Fos, FosB, Fra1 . 39 <£ r/Fra2# SfftJ. Jun7 ? $ V - <5 ^ > A - Y U 7R , cJu 
n, JunB, 39 £ r/JunD#3 £ ft 1 . + 7 KFATd * ttffl 0 7 * t fflB 9»Jfc t » < ffi it * 
7 AP l^>A-H7Rc Jun^r <fc &• c Foster «i tl Z . ft IC 1 5 S AP Iflffrttc Fos7 
5> 3 (Abate. C. et al.. Science 7. 1157 1161. 1990: Den9. T. and Karin. M. Natur 
e 371. 171 175. 1994; Ofir. R. et al.. Nature 348. 80 82. 1990; Bakin. A. V. et a 
I.. Science 283. 387 390. 1999). c fos, fosB, f ra1 , 39<£o>fra2 mRNA© ifi & E W tt 
, t tltti. Access ion numbers X06769, X14897. X16707. 9t <fc Z/ X 16706 C . ■* *l ^ tl <?> $ 
fiM©7 $ / BtE?'JttCAA29937. CAA33026, CAA34679, 39 £ o>CAA34678C m r *l 7 II 3 . 

[ 0 0 3 7 ] 40 

D V O L - NFAT3S S t 8ttfttUa<P** U7. DAP1239 J; c> FcR9aitima# © phosp 
kolipase C (PLC)9amma- D h V O U & % t SS ft ft * 3 * * 39 <* i> t <0 ^ d « # ft 1 5 
«<SSJtSfeU7ll2. DAP 12 ( C t- ; Accession number NM '003332 (protein ID NP "003 
323). 7 O X = NM '011662 (protein ID NP '035792)) tttri99erin9 receptor expressed 
on myeloid eel Is (TREM) 2 syv^gLT, PLC- Hi l\, V *? U » % 1 5S ft ft t 1 (Snyde 
r.M.R. et al.. J. Exp. Med. 197. 437 449 (2003); Colonna.M.. J. Clin. Invest. 11 
1. 313 314 (2003); Lucas. M. et al.. Eur. J. Immunol. 32. 2653 2663 (2002); Palon 
eva.J. et al.. Am. J. Hum. Genet. 71. 656 662 (2002); Paloneva.J. et al.. Nat. G 
enet. 25. 357 361 (2000); Pekkar i nen. P. et al.. Genomics 54. 307 315 (1998); Lan 
ier.L.L. et al.. Nature 391. 703 707 (1998); Pekkar i nen. P. et al.. Am. J. Hum. G 50 
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enet. 62 (2). 362 372 (1998): Kaifu.T. et al.. J. Clin. Invest. 111. 323 332 (20 
03): Colonna.M. . J. Clin. Invest. 111. 313 314 (2003); DiefenbacK. A. et al.. Nat 
. Immunol. 3. 1142 114? (2002); McVioar.D.W. et al.. J. Immunol. 169. 1721 1728 
(2002): Sjolin.H. et al.. J. Exp. Med. 195. 825 834 (2002): Tomasello.E. et al.. 

J. Biol. Chem. 273. 34115 34119 (1978): Lanier. L. L. et al.. Nature 391. 703 707 

(1998)). £ £ . FcR9amma ( FcR<9 9amma-!f 7* l Z v \~ ) (t h = Access i on number NM "0 
04106 (protein ID NP "004097). 7^7, ■ NM "010185 (protein ID NP "034315)) I* , pair 
ed immunoglobulin like receptor (PIR). osteoclast associated receptor (OSCAR) 5 
W&ft L 7 . PLC- t h VJ ^»»t SStttt t 1 (Wu. J. et al. . Lupus 1 1. 42 45 (20 
02); Kuster.H. et al.. J. Biol. CKem. 267. 12782 12787 (1992); Le Coniat.M. et a 10 
I.. Immuno9enetics 32. 183 186 (1990); Kuster.H. et al.. J. Biol. Chem. 265. 644 
8 6452 (1990); Crai9.A.W. and Greer, P. A.. Mol. Cell. Biol. 22. 6363 6374 (2002); 

Na9aoka.Y. et al.. J. Invest. Dermatol. 119. 130 136 (2002); Strzelecka Kilisze 
k.A. and Sobota. A. . Fol ia Histochem. Cytobiol. 40. 131 132 (2002); Gray. C. A. and 

Lawrence. R. A. . Eur. J. Immunol. 32. 1 1 14 1 120 (2002): Ra. C et al.. J. Biol. Ch 
em. 264. 15323 15327 (1989)). 91 X I* DAP1 2 £ tt FcR9amma Y . *t <0 £ ft £ & * * <0 65 

atnas*zcv«ycj:v . :ni<!)»?tAt? v 7 ? h e a <o & tt it t m s t tii* 

. Ca'*;/ 7;MHnJtt 3= 1 C Kltntottll . DAP12* £ttFcR9amma* £ft 

t J sm&znt JlKWfc&v v vy f y Q&s^wwt J to*? mi)~z 9 7 ? )i 

t»Wt3Ci»???. *f£BBC39U7Ca 2+ -77;MHCtt. DAP 1 2 ^ k. tt FcR9amma^ 9 P 20 
LC9amma - * A, V V IZ&fct J * * * kit *t ® b T tl J *J 

7?)\>1f&£ft.l* DAP 1 2 3V <£ FcR9ammatt , i mmunoreceptor tyrosine based activatio 
n mot i f ( ITAM) VJ;l#*lZ=y7;MI/£itK;M>t£l,7# , )< f □ V > 'J > tt tt 5S tt 
tfto. 'tLT. ITAM5/ 7 ? ;i/t(f8yk , *>XAP70t /r U 7 PLC9amma© S tt tt T 1 C * # ffl >» *l 
7 111. c ft i) 7 , Ca z + 5/ 7 7 )HC tt . ITAMV 7 f h V ^ © T >* 7* SS tt tt 7 *l 2 8y 

k£ fettZAP705y t A T Z5/77*frS*ttZ. ITAMt f-7IC&ftT2l£3M^1&#3- 
SfJ*fe« ITAM© f □ -7 > * 7 - tfiStt ? ffliSUt 1 H^fi^^lffJ, Syk£fcttXAP70 
*V<S>Sttt1JP*y*Z*»JCJ;«K :<5y7^*t»MtK1;*?H. * . C tl H 

<?> 7 7 7 ;Hcit tji § 1 2 tt ft % t z ? y-z>7tscvi:<fc^7, as bm t n 

C 0 0 3 8 ] 

* £ BB tt , £ . «#fflBll!HiaiBCU7Jl/^Ft«lt7tt2ISt&t'. « t SB B 

»s»t ups'J 1 1 15 sen r 2 . **w*'jtt. i/ 7 ;u y $ k » mfatci© t a u 

7, <«tlBB»flff H*** C * t JllUSl,fc. «£o7. 1/ 7 ^ / $ h" tt^tSB 

BJRJKtSHRtScBS* *fcttC*B?»> 3 . I/7JU $ K ttfctfflBPSft JfiSttCUP 

ai r ? u v » »* . i/ 7 a- y $ k ia . ■*y«77f«V0£5ft«ttHtt*®fc«<i>*«'4 
r. ^ii^JF^tM^sss^ss^feiDce^ffl?})?. ^^ifflSic^uT-u 7;uy 5 
k c tt , I/7JW §h-(?)iS«ti;ii8^§tai. fj^.B:i/7^y $ kij. niffiicttTie 

3S (I I OlC « U it ft HWA 486# f ^ U. tt £ £ tt 5 N[4 (h'J7**D^f 

;U ) 7 x Z JU ] 4 4 V * V V - )l 10 h 7R + V $ h" 7 J> Z ( HWA 486 : R. R. Bart I ett et 40 
al. in: a. L.Lewis and D. E. Furst (Eds.). Nonsteroidal Anti inflammatory Dru9s. 
Mechanisms and Clinical Uses ; C. C. A. Kuech I e et a I . . Transp I ant Proc. 1991 . 23 
: 1083 6 ; T. Ziel inski et al. . A9ents Action 1993. 38 = C80 2). £ 1/ 7 h / % h" 
ICtt. HWA 486<9;gtt«IWtt A77 1726 ( ^ ( IV)) . 31 U IC HWA 486««fcc>A77 1726^113 

± sf e r ti ? » , Hfti*. *^tt?Kfttt^^3*n.2. $^u7;u7$h-^U7tt, mx 

tt EP1 3. 876*^* (ftl!!Q62 72614^ 1k tt U8 4. 284. 786^ £ fS ) «f <9 JC ( I )7 * 7 

4lHbft«!)3if^c> i t<i)Sia±l ! FS7^3ia«y^^ir^tlI. 
[ 0 0 3 9 ] 
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[ft 3 ] 



F F 


3(111) 

[ 0 0 4 0 ] 
[ft 4 ] 


10 


H Y 


OH 


F F 


3 (IV) 


[ 0 0 4 1 ] 


**C**W*>JI*. FK506fir «fc Z/CyKZ Y © 3 K V Z i - V > SI V #J * U 7 h J 5 F * 
£ I* . * : i - 'J >»!S9J ^1/ 7 il/ / $ h" t S# t Z : ^ C J; ^ 7 , © t Iffl B8 

t «t » » «i c up no r 3 c v * ^ « ? i c v t m u t u ? . ny:i-y>Bi 


*fgBflic?yit3^tiaB§s<9r^tw$ytzft^%<z)7?'j-z>7ic^uTtt«ca 2+ =/ 

77AMt*>l!ltHtft»tM*tZ. C © J; 7 * ftfttoCfc V Ca 2+ V 7? ^fiJt*» 
t!l * tl J * . NFATcl © 3gfi«»*fettSttU*UI,tftt]{Kirti. «tlBB©»SSttlPSJ** 
C * # "? ? 3 . * * « C * it Z * t IB B © »»? t » *l t 3 ft ft » © Z 7 y-:>7C«ll 
7 13:. NFATcl C I I Ca 2 + V 7 ? * © 19 PS t t 3 C Y tf? $= 2 . St IC . NF 30 

ATc1<9$SB * fctt )S <l£ © BP S'J C ! 8 ft E * 3 ftft«5l* . *taUB»JS©»tUcS4UT»ll 
W*tttS 1 vtV*/t«J*llCV»«i»*Ul). NFATcl © * B © BPft'J . ft <£ t> iS © BP S'J © 
s? SB I* . ±EcEttUfefl'J-?»>3. #J*,t3:*fSBfl©7?'J-Z>7tt. JHT9J;j«X 
7',i-Z>7#S3:ft3. 

( 1 ) ttttft ft«5 fcfeT-?Ca z + inf lux£ £t*Ca z + mobi I izationt tit ft L . C 41 1 SI V T 
3 & J « ftft?& T MR t 3 . mZttZi' 1 ' chelator* Vtt«HHtfc» 7 . 

(2) t«Hkfti»tT?nv:i-y><!)ittt«iiBu. cfttsi£*3ftft*»?iii 

K t 3 . 

(3) «Sti$ftft1»&ftT-?NFATc1©5SB-£ tit iti U . Cllt»iWr3ftft»tSK*Z. C 
C-?NFATd©fgB t BP&'J? 3 ft ft TO . (a.) NAFTcl © mRNA©«* © SI « . ( f> ) NFATcl 40 
l&H©ftJ*©SIS. (c) NFATcl S fiKOSe^tt© SIS (#JS©{£ii) t*S«*U7Z 

(4) *«ftft»fcfcT? NFATcl © a tt T « ffl U . t7tltW*!J*3ftft»tjBK1-3. NF 
ATc1©)StttSI« * I ftftfct*. (<x) NFATcl ©JO > Bt ft ©SIS. ( b ) NFATcl© U > 
«ft©«Jfi. ( c ) NFATc1©M47©SI«. ( cL ) NFATcl © DNA* ©ft ft © SI S . (e)N 

fatci ^ ap u>r#* ©ftft (en < i*c Fosfi£o>/*£ttc Jun* ©aft) ©sissy t 

Ji«n7X7 , J-:>7tKV»??Z. m ZtX NFATcl *c Fos* ©ftft tt . NFATcl 
*Z#c FostftfcTJSllfcfcMS* t7xZ9>rDvT^>7 , CJ; , )tilitl-r2C^^ 
??=3. 0J JtffNFATd * DNAY © ftfttt . NFATcl tt ft tt M t 3fr * y J 2 ? 1/ * f 

F t ffl II fcelectrophoretic mob i I ity shift assay (EMSA) Ci'JlSt 50 


[ 0 0 4 2 ] 
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. NFAT/AP 1/DNAfcfcfclC3V it 1 # 5* <?> ffl £ B tit S> « fS t Be. C<D8PtitC8fcT 
H&fl-^tfcatlSSffZC^ICJ;'). $) £ttlC NFATc 1*AP IJjffr, $ R NFATc 1 * DNA 
V0fi£fPBtfi*r3fca»tZ9y-;>7t*C*#g*V*a,iJtl3. NFATc 1 V 
AP IK^^OfflSfFffiQ^^^J^/Ktt. *Bfia* ? tl 7 I) I . 

C 0 0 4 3 ] 

MFATcl ft V U T . NFATc1Cttfcfcl£ £SS§$ t «« Y t 1 C * I 7 9 s I . C 
<9fc<y)ICR« TRAP, calcitonin receptor, cathepsin K. carbonic anhydrase II (CAII) 
. £ k. tt matr i x meta 1 1 oprotease (MMP) ? £ * <9 it £ ^ <0 7'U € - 9 - * * C fir it J , H 
FATclfifcaifit t St-E5'J I) ?:^?H. Ctm©»e*tt*taB©* 

»*^C*UT»»t4l, tt»©MFATc1» JJCAP l866Pffi:tSt< (Anusaksath i en, 0. 10 
et al. (2001) J Biol Chem 276. 22663 22674; David. J. P. et al. (2001) J Cell Ph 
ysiol 188. 89 97; Motyckova. G. et al. (2001) Proc Matl Acad Sci USA 98. 5798 
5803; Reddy. S. V. et al. (1995) J Bone Miner Res 10. 601 606). * fcHFATcUtfi* 
<5?D t - 9 -*« t £ U J Z Y £7 3= I . Cft"5©lie*«)?Df-> - I 3 (?) NFATcl JS 
GEW (GGAAAA3V J:5f^©«»EW (« *. I* GGAAAN2 V . NttA. T. C. tfettG). Macian 
. F. et al. (2001) 0nco9ene 20. 2476 2489) St' DNA, » * L < ft r «i IC AP 1&£E?iJ 
(TGA[G/C]TCA*ir Ji&tQBmEW (0J *. WTGNNTCA2 Y . Ntt A. T. C. tfcttG). Bio Sc 
iencei&rfflg =7 - I" £ 3: H 3- j , gfcgap gyflft. ¥±tt. PP204 205) tSt' DNA 

<9T3lLCffiii<9l/tf-'y-iIfi : 3-t«fi&U. NFATclft *&f«*Hta»#fcT? U * - 9 - 
5Stt#t A U 7 1/ * - 9 t ttiH U 7 , C tl t fiT 7 tt ZfcfcB t * I 20 
. NFATcll* PJHtt * fett^Htt C 7?y-Z>7*CttBU7J;ll. tttttST-Dt-'y 
-E W * U 7 1* . XBB7B I) <fc "? «TRAP7- □ E - 9 - . SfettSJlV M>?Df- 

*- (P37* □€--?-) tnnrijtiz. b*,i*. **ttcNFATcit*arit**taBii 

aaBtBUT, «*<bd»tS^«ift<5#feT. anBCfirit ? NFATcl. TRAP, £ I* 
a^VKz>SS#»e*ttV©7'[]E-*-igttt«lllL. ttT-DE-f-StttWt'J 
tlfc^tttSRtiCK^'J, NFATc 1 1C J; Zfi^SfttBtt 7lil1tftllt'f tt 
2 C Y ft-* * 1 . 

7 i?) 3 (flJ&l* Edited by J. Sambrook et al., Molecular Cloning A Laboratory Man 
ual. 2001, 3rd ed. , Cold Sprin9 Harbor Laboratory #$) . 30 
C 0 0 4 4 1 

£ * £ Bfl I* , *«Hta»Tafctt!W<&fcfcT. ft*«)CNFATcl7£3S7-t±£5£#aB 
»BaBca»it?«taB»SKt«fflt?Itt. »J;&»tt«taB»JBKttti#J*3fca» 

?z. MFATcitiiiixartt^atnBAKaBtt. rankl^#*t-? t ataat »a 
ti. c9«taiB8»ististJ<b6ttt7?y-:>7t3c vcfc'j, mfatci^si 

[ 0 0 4 5 ] 

*5§a8<?> x 7 'J - z y 7i* . BfciarataB* fc»**tffii)7fi7c z. T 

ttfc"*. «K t a B fl K a B t RANKL"? *J » L 7«tiEtIfrt t£J*C»in. ttttfc 40 
£®<4>S£T7Ca 2 -;/7;MHElttUSt 3 . « taBfilEaB * U 7 I* . fctaBlUtf 

it u tt i aB?9)4i0rftyBii*« < , ffii^ty fit y 7 □ 7 7 - ! /*ib*> *Jffl r a z . a 

ftfflCIJ, t Hi * QBMM? B U 1 C * #7 ?= 3 U . JilUtt RAW 264. 7aB ft & C#E8aB 
9ytlU3C^?n. M C8FIH*#ttCRANKLCB* l,7«»lBC*<bt 
2 RAW 264.7aB*ytt, B # a B ff^PS; IC S I) 7 M C8Fttft5«l)«f. BMMJf J: l>E8aB# 
»>i«taBtr#5Krtt3Ctt. M CSF# 4T? RANKL53J Sit J . M CSF3V J; o>RANKL<9 5I 
Sttatl^SStlC^^?? 5 ?^. #JitWM CSFtt»10 n9/ml, RAMKLtt J9 100 n9/mllCt 

<5^77'j-, a k ^ > a ? h . ne^^^r^y-^faia, •&EJt , ^7-fh , <i)7>f 
r^y-.aBttaia.aBJiftiattvtif^irmi?. 50 


(18) 


JP 2004 154132 A 2004.6. 3 


[ 0 0 4 6 ] 

ftftftftfttftt'ttHOftfcT. Ca 2+ V 7 ?;Hcftt W% U . H ft c it -t. ft 5/ 7 / li B 
«tfiJI**tt»IUt?ftft»t««rZ. «H5*#VU7B:, ISftftftSfttS*** 

u#. ftjiiocji'jftHTSt'id?* 1 ;, wswictt. «ftfta»®i*fttET (#jx 

Sfrtt*<3>ttftfcTC«i7*J§ft>!Jt^, «y7^^e*t«»*feH:«Piyrit^ftfttl 
?MRt J z: Y£ & l ) , «tnB»fttffl»**ftftfttftZC*tf?**. * , « « 
<5§ftH7, «ftfcft»tJ;Vfil)Bl?ft*'*ftt«l)fttt:. ftdftQftlftfttttf 

TCtfiflftfttftif?::**-?**. C <i> # ft , *Jft?ftl)feftft»<S>ftfcTcairit3 10 

Ca l *y7? *ft»9ft!lB.I*. ±c«aycfi«^i*j;ii. 

C 0 0 4 7 ] 

<0 in vitro 7y«^71ll7fi?C^?H. WXtX , ttftfltttfttt 

8BB (24ft 7' U - h 0 1* x A^fcV 5X10 5 SB 18) t10n9/ml®M CSFt § 4/ a ft /Jv & £ ft 
A (a MEM) ?2B IDft* U . 1 00n9/ml Q °f ^ ttRANKL, 1 0n9/ml <D M CSF<9 ft ft T ? 7" •} C 
SBIHftftUTfttlBBtJKftritZfttfflft-y**. :cc«*ftft»tat>tt»t* 
JO U 7 *§ ft ? Z . £ £ . in vivo <2> * ? ft I* . flPJfcBrftftB?ftl)£J;'y«X>'f ! 20 

v>»fttttft"Rft&€7 , *tftufc*ffftif«5ft3. 7- hick. *& r i esis ss ^ * © 

fttlBBWftffttfflfttZ::**?**. ESI1B t ft UfeZ2'J-Z>7*CftUTtt. 

«#«B»acBt)Zw«©ite*t»«r7aBtfti)7crv*?^j.ite*5i:iiE8 
ibb» >i ofttiiB»K9Rt ft uftor. iiiiintfiatffflitfiiiiKvy?;^^?))/^^ 

C 0 0 4 8 ] 

C^^ai^iSi*. ft&ftftft t ftt'ttB©»*IC <fc «J . ttft<5ft#T X Jt« U TCa 2+ V 
7?^Mff*ftCftft*fcttlJP«l7-ftftl*. ftl)fe«ftttifttt«t»B»fttM»*Z 
ftftft^ftft***. 7 y -- >7^ac«t ■) mttT-ft 3 ftftfttt, «t»B»sr 

tsyapt^^^ctftT*^ 1 ;. ttt»ftft<P*i»**»ft«<!>ftft<i>±?e*ft-?fcz. 30 

C 0 0 4 ?] 

*k.*%Wtti> ft # ft E »ft C IS * ft ft ft 9 » ft t ft I * 3 » ft ? »> •> T , ( OL ) ft 
ftftftfttftfrttBOftftT. fttBBfflttfflBCtfitZCa^vr^ftJttftflltll 
S. 3irJ:Z# ( b ) s8Ca 2 + -V 7 1 hfc ft © UP $U t ft t JIB B ff2Jtf © 8P Kl C - Vklo. 1 * V 7 ? K B 

ft®ftjit«*aiB#ft0ffiitc«ftWitzis. tst'«»c«tj. ca 2 + v 7 f 

ft tt . »tU<tta^5/Za-U>®ftft*^ttJ8ft. J) 3 II IS NFATcl <9fg8**LK;S<l£ 
tftffl*?C*C*«;ftftT3. CQ^TiS^l^^lC^ 1 ), ® t Iffl B F* 5* t HP S'J t Z ft 
ftft t |e]5£ t Z c * #7 3 . 

[ 0 0 5 0 ] 

*ftft0Z7'J-z>7CJ: , ;S'5ftfcfcftfttt. ft*lBB»B?<?>lflSffJ*L7ftl)Z 40 
:V#?U. &*j§ft<i>2LU)0ftftft©S:S£#tt, *BBfttCi5ftU fcfttSBBM 
StlH7i)5Sr?C^7n. ±lBftl*fttftl)T«#l. 

tt*^-htftt'»**tttftttt.ft«I«*l»*fettft«»»tft>ift?ft#tftftt 

C<9£7«ftftftl*. #M'>tt£&C^TI^K£;fett;&£<?>*.dft<?>E 

* * * ? . ft ft ft i* . «ftftcff»?*2WMfl>aftva^ftoitTaftft>jr3cv»f 

?H. ffl«H7tt, 0J *. I* 35 S ?K . SeSSI&jK. ftffiflJ. ftfttt. SlftflJ. SftffJ, 
ft. £5El?J, ft ft M . ^EiSttfJ. ft & *J . «!2<4>1&K ( BSA« * ) . h7>77i7V 
3>«»('J#7i9Va>tt«. U #y-/*»tft if »Jft3. 7" <5 C . ft ft 

qi«a*n7». 7 ;m - z . 7n-x, 7 ? t* 7 zr ^ . f7f>, ?>:h-ii ) 

. T* > 7- ><?> «) . Y7*5/*Z*MJ5''J7-h. 9)17. 7 =7 ? > . □ 50 
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DO'yy* - i*iuiu<fcf>7*>, R*«v»*ir«jn7. h ant r z « d 9 n s i* «u 

tS'J>tt«SH7R. BJ X I* t ffl ffi . S2ft£tt!S58. A y x v h (Pa9et) #1 . 
ft*&ft««V#S*ft*. «*l*±**fcttBfflflacfil)»?»r. £a«£lCJ;3§Jtt 

v a * d ft it . #»'>tM-riR&S5ffita«i^t2 F7v77 , yA | j-cj; , )a»«c 

fcStfi?C*#qI«*%a,«JftZ. 
[ 0 0 5 1 ] 

Wtt. HJ8W, tfKn. IStfn. AT. Bh$W, *fett»D«ICfft)tl?I# 10 

aft*-?ftfttt3lfiaRt?CV*g*?»>?. *»«C«tJ:7C. in vitro^Cft ll 
7 0. 1U9/ml © FK50e*fcttCyAtt«tffl»»JJ?t*JttClI« U . 10u 9/ml £ ? <9 * g c 
ft I) 7fflHfc£K) U £. 10U9/ml<9 U 7 / $ H ttttfflliBftR 

tlftCBSU. 100U 9/ml * ~? © ^1 S C ?V U7Slfcfc*lca«»*tf fc. fflJt 

13? in vivo Cft I) 7 t , ffitt*TZ$tfi]§8]iu5§lffl§S®i27. C<?>£"?«£fl}*gti!« 

[ 0 0 5 2 ] 20 

**ifl<?>E*afl?»tt-»toC. »fiSK»©Sl?0.1~?OX«?)J6«il»tdt'. M 
□tt#?tt, - B Sfe'J ftt 1 k9Sfc 0.0001 m9~1000 119. tt£ U < tt 0.001 m9~30 
0 11)9, i'JIJtKHt 0. 01 ~ 100 R9?ft I . U #1 . #1. fiCfi6«C>a t 

7 ft 7 9^«9§{B, ft J: jR&O&jfl® 
SP8*fett«:#©IBIlCtt#UT. ctm tt#«Stt«IaHfit I . fltoT. ISltl 
A«4iJ: l r>S<«7:V*ni:H:lH?»i l J. *<3>»ftCttfc««)JRt#3 
*.dfilC±l!Rt@2.Z;2-£#3f)Z. »#l*1H»mSlEIC*itT<T7CVff?^, - B1» 

ij50»#tiu^?f 3. m&tiis mxtx<c k . ft 7 o z . ? y k , 

» «5 ^ <<> « e « . t h j ^ttfct £fi%Mfc-zm%t 2 km® n, 30 

utz±?e*ffl?»3. c ft c . 0j*i*6e&£ttiiBi$cftitz£5S«t : ?'Ei5T 

C 0 0 5 3 ] 

*yZi-y>fi*«*U7tt. 1»C5/9DZ*y>Aft*&i' FK506# * ir Hft I . 
[ 0 0 5 4 ] 

*SSBfl(i>gSffljffTO!3c, «ftaiBC£7*«iRtfH*r7miK®tX'>tt**9&lia» 
i&fUcSffl?li3. £5«»«*Jft*«7«A*L7tt. SflCHfifl'JOYf ( rheuma 40 
toid arthritis: RA) t d€> 5 ASft Mff X ♦ tf >i ft 7 . B » U 7 f tt . SeftS 

tt*«jr. * 5§ aa <<> is ss a j* i* . :©i»t«iti»jttu«)i:8iciiiiu? 

[ 0 0 5 5 ] 

**G®B*aj*»#Mffl7ft»7ffifl>tM*tt«S**L7tt. « Jl #1 * * »f ■* 
ft*. * % E 0 g H a J* $ & . EIBSl, StR«, ft£C*e*<l£ f ttHMIS 

(pi9mented villonodular synovitis; PV8) tSi\ ^tffliSlC^Ztl&iR t M tS 

**3«*«£jgc*3U7t}§ffl?ft$§2. * . t a *vm<oSt* n, w 
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Hl****tttflllC# , yt*iR-**«. AlH0J!H0*«iGl ( )l> - 7. Z > 7 ) c *J 
? 3 85r J: Z> 56 S C 1 BE 7 ft# I (Rodan. G. A. & Martin. T. J.. Science 28?. 1 
508 1514 (2000); Ron9. Y. Y. et al.. Nature 402. 304 30? (1???); Takayana9i. H. 
et al.. Arthritis Rheum. 43. 25? 26? (2000); Honore. P. et al.. Nat. Med. 6. 521 
528 (2000)) . ^SgHBicj;';, *#BB0»JKa5rJ;&f«B0t l J»CJ;Jff*ttBBrtA 

# °r « * « i . 

[ 0 0 5 6 ] 

£ **f£BBi* . E8 (embryonic stem) fflB#"i«#iB»t»Bf7ttza}lst*tt*Z. 

(a.) E8BBtB«U7 = »!5cfi«aB*t»JKr tt 3 IB. 10 

( b ) IS (ol) 7»mi*«BBtM CSF£ feT?«ltnfi, 

(c) IS (5) 7»>Jtl*aBtM C8F3J J:CRAMKL»ftT?ft«t J IS. 

( 0 0 5 7 1 

±lE0 = X5cB«BBBtt. «fc ') flf 56 t ft Wembryon i c body? ft r> 7 «fc 11 . ESfflB # >> 
©embryonic body <9 » J$ 15 £ tt 50 i}ti7S'J, #J*!*ESHBtH#£ft#ClItS$lt?-tt 
S ll J: 7 C . han9in9 drops 1= 7ESSBB 7 BB * J C V CJ: V iS t ? C I . *6 

BBBl* . 0J*,f*2BIl7ft3. IS ( f> ) C « I) 7 tt , M CSF© B Jg tt flj *, I* » 1 00n9/m I 
?JiI. ii«tt /N <h l >'T'^yVa+7fi^l*J;ll. *6 ft $ # tt , flJ *, I* 37t . 5X C0 2 . * 
««BHttflJ*,B:2Bfi7ft3. * * I S (c) Cfill7tt. flltKIi ( fc ) 7 # >» ft * 20 
iffith y >«H*C J: «; »Brit7 *« r ^ . RANKLft «fc c>M CSF<9Bgl* . ^ ft-T 
ftfflUt,Br»100n9/ml»J:e#»10n9/ml7ft 3. B«4BSfi7. TRAPUtt (O %L f ffl §8 # 
SJt 7" ft 3 . 
[ 0 0 5 8 ] 

±12 <?>ESSBB# V, «#fflE t »SK7 tt 3 £ , 7 < - y-ISStftin 
*<?>£fcJ;') e*ft7l)3. ±ie®»»7»>Jft?«tlBB**Btt7<-y-«BB«V 

© naifflSB © : > ? u - -> 3 y it # i) -o y ft k , issstev <9is«5tBic)$u 7 n 3 
. c © ? ic u 7»j«? tt*« tfflBtt , **do7 7U-:>7c»ii7iiuKY» 

7 ?= 3 * it 7 £ < . B*^HBBftJ;&»WBft«;ffi«V0B«iHtTff7BA®ftS<9* 
WC, SffiffiC^tf JC^ff?U. 30 
[ 0 0 5 ?] 

*eBBtlClEBU*?!BfltS, BB*?ftftl*«*«acfttSlCAUo<C*llfgB7 
ft*>?#. ^ft 15 <S>««f**5SHB<5BHCS3:ft 3 . 2 ft * G 19 $ C 31 B 7 ft * X IX tt . 
*B«»fl>-BVU7B*i&*ft3. IT. BB«IC*y*BB"t7iJCBfflCB«r3 

*BWttctt miBBcBRrn? 
c x ft m ] 

[ 0 0 6 0 ] 
[ftftflM] in vltroBftfflBJKB 

SBffl Z ~ 1 1 7ffl II * in vitro© t » B B fl? IX J!A T <?> £ ? IC 45 « -> * . C57BL/6Y O 
ZE6*<?>#B*tt#BBBt 111 (240 x A/7*U - MO x )l/ftfc <) 5x10*. lOomr* 40 
< y ; y a ft* ') 1.5 x 10 7 )> 10 n9/ml M C8F (Genzyme) t$t< 10* FB8 (Si9ma) 
a MEM (Gibco BRL) 7ZBBI*ftU . U> ASttC»«f lit ftll Xt Htl 
B t BMM* O 7«B U *. Fos ' 7 O X ft <£ c* TRAF6 ' 7 -) Z O SS/7 9 O 7 7 - '/ffi 

BfflBttBKtmBBo, H* c 10 n9/mi m csf* » ic2B n*g« u * . ctm^^tiB 

IS^IglffiiSttT-iilC 100n9/ml © ql S RANKL (Peprotech) ft <fc &f 10 n9/ml M CSFfcft 
T7*8« L 7iStI88t B?K7 tt*. WCBKUSIIR'K C tm <0 K B IS C ft >i © B B 
7 « B U * . Hyli-'JXISifJ FK506 (Ca I b i ochem) **tt5/7dZ#y>A (3 i 9 
ma) ftRANKL* |5]Bf ICto**.. 3B&C, TRAP* <<> £ *2 (>3*g) Iffl §8 t St & U * . ± 7 <9 f* 
-^($^^±5.6. (n=6) U7*Ufe. TRAP* MNCtt . JilBBB (Takayana9i. H. et al 
. (2000b) Nature 408. 600 605) U * £ J IC . £ * K « ± 7 <?) t * tR SS V . » 5/ 50 
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C 0 0 6 1 1 

[ £ #J 2 ] /-7*>7"[]vl-f?tfft < J;c*&g$ft*fcg 

M CSF<i>&ftT. RANKL?* L fcntfSBMMt *J»tU . Sapasol 7- Si It U £ £ RNA 5 met* 
l/->ICD-KUfc. 7Dy HCIS. 7 1 XKFATcl cDNA (Sherman. M. A. et al. (1??? 
) J Immunol 162. 2820 2828) 9 230 bp<9 EcoRIft £ Zs Smalffi K t [ a 3 2 PldCTP"? 7 *i h 
U7/W7 ,, J7'(XYftfc. & £ * g IC tt , SB §8 t 4 SKA 7 * A 7 JU r* t K ? 20* HSU 
. 0. 2X triton X?5*S!!llfe. SflSSt . MC b% BSA/PBS7 30* , PBSTf 3 a> 2u 9 /ml 7 
0 X fit NFATcl E y 0 0 - ? yi/ fit ft (7A6. Santa Cruz) 7-60* . ** <D ft . 4u9/ml Alexa 4 
887 'X A, I £fit Y O X l9Gfitft (Molecular Probe) ? 60* Oti^-HA. 10 
C 0 0 6 2 ] 

[XftftIS] RANKLIC* 1 NFATcl ®flt« 

RANKLIC J; x ) tiT * k\tfc'&Qmik'$®1lt 1 IlQ) . *36 

(itiitt* y^X9Mf h'7l/-f (Affymetrix GeneCKip) tffliiT, RANKLIC «fc ') tR« 
Yft I mRNA<9 T J LI 4 K X 7 'J - Z> 7 ' t « -> . f HIBBS t N CSFfc T 7- 48$ If 
)S«L7ii;ft^, •fHffi3Rl^/Y7D7 7-y , Byl6ifffli8 (Bone marrow derived monoc 
yte/macropha9e precursor cells; BMMs) t. Y ^ ICM CSFfc 6 T "? II h- & *. RANKLIC «fc «J 
72$Blft»U 7$fc tfi8§SlC*ft Yttfc (Takayana9i. H. et al. (2000b) Nature 408. 60 
0 605). :<JiiC»U7. RANKL^iO <Z> 2. 24. ft <fc t> 72$ IS ft IC £ RNA? iti U . mRNA 
©fgIl7-D7 < -;i/t*fJ)St<t)BMMci)±RNA>:it«bfe. RANKLIC » * flS 7- 5 llfiBtttR 20 
tU«. M C8FSU , * fett IL 1ft J; t>M CSF7- 3EU U £BMM? *trj<7D>l-0-^ 
H 7fflUi. C ft v> ©BMMT-ttlfct SB §3 13: M Y ft. « # o . 
C 0 0 6 3 3 

! /->f y?ltt9Htte?ItITCf t. BMMtM CSFl ft . RANKLE M CSF, £ 13: 
IL 1 (10 n9/ml) CSF7«2. 24, ft<£c>72$fi]J l J;$(Ufc. Sepasol RNA extraction kit 
(Nakarai) t E l) TBMN» * ±RMAt ttffl U . £ RNA (15a 9) t B I) 7 . & £ S IC <*; 2 c 
DNAftEE . ft C86 < in v i trofe S IC £ 1 XI * f > ftcRNAftJ* ? ft * o fc. cRNAT Bfr K 
ft U fcft . 11. 000© Y $ X it fc^ /EST O 7 □ - 7" #7* < X 7' 1/ ^ilTllH^ X U74A G 
eneChip (Aff iymetir ix) IC S & tc 9 7- □ bz\-i\,E4L->-zA<(7Vy4V- s ; 3 > ? ft 
« o . ? y 7 ? ;ft & ft . SA PE? IH, Af f ymetr i x GenecK i p scanner ft <fc t> B 9 it 30 

[ 0 0 6 4 1 

$&7ft*.£7lC, TRAP , H-n:>SS», Jf ?y >L AJl«=y97>CK 
7-tfII (CAII) . SJ;&YMJy7^yD?0T7-t' (MMP) ?«y<?>«&tSfl887'* 

iicfgst3cv^amft7i) lite^w. ranklic * , ;B.i/ / x;u?!H*flSicsi*Yftfe 
(0 1 a). **BH*m*. rankl-v 7^;uejt©« * « iiafsa^^ss ft i °r^^^ia u 

«^H*©l!l»ca § U fc. B 16CK. Si S C SI 9 Y ft ^ H ^ IC JO 2, . RANKLE 7 7 s 
Afi*© Tft?ff ffl t 3CV#ffl«»ftTU3fc 0 ©GeneCKiPT*- 9 # « Y ft 7 I) 3 . Eg 
Y^9=CVIC, NFATcl 13: mRNA© ^iS U ^ * ft <£ c> <?) fold i ncrease O) jQ ^ IC ?if II T . 
tiUQteSH^t&^UTU*.. C<9tt»C-ISU7. RANKLt* . « # SB S3 F* fl? IC « II 7 BMM 40 
<9NFATc1 mRNAt 12fg«J; l )Si<gl9Y2CV^y-7 4 >7 , Dy h » ^ IC ft U 7 /Tv Y ft ( 
0 2). 
[ 0 0 6 5 ] 

[HJg«l4] ^#SB§SIC3V it ^ NFATc1©5eS 

RANKL-? t'J^t U . #&<9©#8BHS-\<<>5§iiTIC&3BMMlCftit ? MFATclft K ® 56 H ft J: 
c>SBlO®fe t lit A. ft£1S3t3s£lC<fc ') . NFATC1S& H <9 5g S tt RANKLE « /V Y 3 «t 

8eHB^5K<9ia. -su7Jiiou, SfiKttX»ic«ic#45t I c varmrftfe (@3). 

C<5SfiSttl«ltt£lClli3U?0!9Yft. 24$^ft IC^IC^fi U ? (0 3). NFATc 

1®*Htt. 48$ISlftlCffiS Yft 2 TRAP* 8B ISO MS «fc ') t ¥ll . RANKLE iD <0 72$ HB ft ? 

tt. IS I? 4 7 <9 TRAP* f ft SB SS (MNCs) © ft IS NFATcl H ft ? ft ^ ^. (0 3). tfeCQStl 50 
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HttfflBKcfcBaOTDfc. NF KB*V©«5H*ttlANKLW»®l*C)Sttto*tl. 
fcftaiBJfiftOffl. £8U *UH* **CSHt 1/ -> £ (EMBftJ;c* (Takayana9i. H. 
et al. (2002) Nature 416. 744 749; Takayana9 i . H. et al. (2000b) Nature 408. 600 
605)) C V # «J . Cim<9«E?S^»«B«Sl/^JH)rjt^clit?? VCJ;^7? 
tt 55 < . RANKLtt »S*Ztt#fflB*fc®«ffl»K<9S*MbCJ: 1 J«»Ytl**»i(TCJ; 
'JSHSYtlTl) 2 C * YH*L. C<?>*Bfc-?tt. RANKL#^$ t Z NFATcl <<>±E * ft 

Btrz«#fitt. «tnB*<tcft it *aiB*ftt*fcita-*if y 73. y >5 

C. tffla^lia^teStKC^ *lf#, NFATd © IS S! fit . 1 31B Y ft ZTRAPPI& 
<5§HB (9iant cell) (0 4). ft <fc V t) t 7- V > K * » MMP 9?gEfflB (#tt$f-J 
) V#ftU7ft'J. in vivo"? e«t SBiSlCft II 7NFATc1#8Et 2 C V tfiliSY tl k. . 10 
[ 0 0 6 6 1 
[X ft 01 5] NFATcl® Jfttl 56 « 

NFATcl ©SWrfgJSQjajS TIE*?. Z AW. NFATcl cDNAft J: o> ^ > 9 - Y K x ) * V - Y K 
J."J V ] J — It 4 f- (internal ribosomal entry site) JiSlteSftt&H (EGFP) t 
«ftT 1 U hD-WAX^?*- (PMX NFATcl IRES EGFP) t * R U . H>DvUZ 
^M - PMX NFATcl IRES EGFP I* . 7 ■> 7 NFATcl cDNA<9 2.7 kb EcoRlBi t PMX I 
RES EGFP (Nosaka. T. et al . . EMB0 J. 18. 4754 65 ( 1999) ) O) R U 8 ffl C J? A U 7 * 
S U fe. ffi?)H-D^J^'H^- (PMX c Fos IRES EGFP. pMX c Jun IRES EGFP) R 
mSulE«YtlTl) 3 (Takayana9i. H. etal. (2002) Nature 416. 744 749). 1/ h □ 7 
4 l\,KO K v 1 -Vy tl*> ^pMX^ ? * - VpPAMpsi2 (Sato. M. et al.. FEBS Let 20 

t. 441: 106 1 10 (1998)) * t 293TlfflBC3 'J *7 i 7 V 3 > I 7fi5 ofe. «ffi92B 

bmm<z>m$m 1 7 »cn, 7 £®%mB8Mm7 v v 4 q zin^ > mcsf^cra 

C 0 0 6 7 ] 

PMX NFATcl IRES EGFP. i £ |* c Fos (pMX c fos IRES EGFP). c Jun (pMX c jun IRES 
EGFP). £ AttEGFP<?>Jf (pMX EGFP) t « ft * Z AS © tt» -7 * A- Z t BHMIC «* Y tt . 
K^?:KC, BMMt-NFATc1 1 J&iJgS Y tt Z * RANKLt **«C»;(|]U*<7t*t»l 
B<?>*tt*»)*Jl<8l*7*lfe (0 5 A ft £ c>B). c Fost fil ft t il/hQv^il'Xt RAN 
KL« U C«*fflB»«t«»U fctfr. J t©M«ttttNFATc1'5 * JUZO'fctlCJfc'ttlBrtt 30 
Z#ICl&#o;fe. XP*. 4 K 7 t /r U NFATcl <9 t iBBB J5J? ;S & K RANKLE # V @ D 
< •» l)!ll)C * (I5A) NFATcl <D ft S <9 ± # 5R t SB BB^W^Si^Ct # 7- ft 2 

C*#*i«7ftZ. &&YtlZJ;?C. NFATcl -5 4 A X ft J; & RANKL© £ ft] IS « t HE 88 » 
JKC*JUTS»«»»iRtmu* (H5A). 
C 0 0 6 8 ] 

[* ft #J 6 ] Hi'Ii-^ESffJiDlSiS 

■J > A * ? tt . NFAT9 «N<&*<Ttt;&A-VZi-y>tt*ttKy>«ttC*VM&Ytl 
7l)ZC*#<fc<S]mi7l)Z (Crabtree. G. R. . and Olson. E. N. (2002) Cell 109 
Suppl. S67 79; Rao. A. et al. (1997) Annu Rev Immunol 15. 707 747). ftffiflPIUffJ F 
K506 £ fctt5/?rjZ#y>A (CyA) tt * A- ; y Z a - U ><Z> IK 'J > K \t 53 tt t ft ft fc) C 51 » 40 
b. *t 4l IC <fe ') NFATt * 5S ft Y t£ Z (Liu. J. et al. (1991) Cell 66. 807 815). NFA 
TO**3/Za-y>«?#«Sttib»f*#»B»SflC*#r?«?>#tffltIfe*). RANKLft 
<fcL>M CSFC£ ') SJ&Y fl.Zffit3fflBff?f*:&fZ-C *m <9 37 1^ Z a - 'J 7fi«»Jt*Jl]L 
A. FK506ft ^t*CyAtti^t V £ . BMM# i} © RANKLgf « 5S # SB B F*Jff t ffl 1 tt S ffi IC St < HI 

su*. (06). *tfflB»af c«t 2 PiflSffJoHuBasaSitfp. rankle? t b% i i 

«*fflBC*fc**79CI77-5/ , fflB*?fc*RAW 264. 7fflB?eK*Y*l*CV#^ 
OfHSf-*), Uy:i-'J> MFAT«»tt«tfflB»W0fettCRANKL»f 7 Y 
;i/fiitlCi5-?i?)lC^»/fvi$YftA. WftSllCfcC. FK506ttNFATc1<5^^ff t PIS 
YI<5^55«jr. ?JttfflBBJSCft it ZNFATclSfiHU ^ )K9 ft B «) « » Al fc HP *'J U ( 
0 7). 50 
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J -ry7U v HJttCJ: ') . NFATc1g$9ttFK506C J; ') mRNAU 7 tt> M 7 ft 3 C * 
# * 7 ft £ (18). NFATIC tt. lt<9?Dt-y-M9iStll,7Jil'>':2- l >l> 
tt^«17l(=y7 L ^7 , 7^-KAy^liSS;U-7'^5)3C^»«ftrftTl)Z (Xhou. B. et 
al. (2002) J Biol Chem 277. 10704 1071 1 ). * % ® % v> <D ft $ a . NFATcl itfi; 
V I i - 'J > ttfc 18 2 S RAKKLV 7?*fiJt0T«t ft»7tt7 II 3 C Y t ft 

[ 0 0 6 ?] 

mmm i ] ranklc* v a 9 7 ft 3 ca 2i v 7 7 ;u eit 

HVZi-'J >l*IP3#«/r t 1 /J\Bft»*®Ca l *»lH*^ftca<«»KIItau 
£IBB W^9Ca 2 + )l ACJ; ') iS&tt 7 ft J C V #30 H ft 7 I) I (Crabtree. G. R. . and 0 10 
Ison. E. K. (2002) Cell 10? SuppI. 867 7?). RANKLE 819 t J 10 h V Z a - 'J 7® IS 
ftft««©ltftf HSUII). Ca 2 *<>)gi£fc)*l/-?--?i?>2 BAPTA AM"? ffl S3 t 95 8 * 
^nct'J Ca 2 + <9 9»fct SBt U fc. 
[ 0 0 7 0 ] 

BAPTAS5S tt JUTC <fc 7 IC ft £ ^ . jfflflSP3Ca 2 *t + l/-Kt3fe^« 15uM BAPTA AM 
ft * CO. 04X pluronic F127 SftT, latSUda MEMt 3 ? Iffl B t 60* >f 7 + a ^ - 
Hfe. ©ftlfflB t a MEM"? 2U&& U . RANKL/M CSFt a MEM/FBS"? 4 7 * a ^ - 
hl/fe. RANKLE* r J tttflBBJffftQlD* , 1 B I© « fc . 

[ 0 0 71] 

£*.Ca 2 + U£l*W.T<t><fc"?Cft*o;fe. £ f IfflB t 5u M f I uo 4 AM. 5uM Fura Red AM 20 
. ft <fc c> 0. 05* Pluronic F127 Hi 3* t 3 * * 11 DMEM"? 30* Oti^-H 

fc. *t 9«DMEM-?jffli8 t 2lsl^^ U . 10% FBSft «fc t>10 n9/ml M CSF? S t' DMEM"? ft 4 7 =t= 
l^-Ft 20* H ft o fc. Cft>»<?)ft*tD-KbfefflBt Hank' s balanced salt solut 
ion? 3D % * U . ttm £16*1 & (Leica) <5 fJH £ C 7 1 7 f- U *. . lfflBtt488 nm^Ejfi 
0 . f luo 41*505 530 nm. FuraRedl* 600 680 nm<*> & JK t 5?> ID 1 f (b| * ell * U . 1 - 
SBB^SBBWCa^agT ||£ t 7 to . FuraRedC *} 7 2 f I uo 4Q 9 * & 8 <5 Jt t * ili U 
fc. Ill/ v> Q itmQmQ . 10uM ionomycint %1B U 7 *# * £ .tt * ± # 

7SJ ') , *££.tt¥±# (Xmax ratio increase) I*. 
[ 0 0 7 2 ] 

IB ft U J: 7 C . BAPTA AM c «fc J Ca 2 + V 7 7 )V £ it <<> & g tt RANKLE M«t7e#IBB 30 
l)Sta<tl?tnftC, NFATc1<9 5SS±S e SIS U (0?) C^»«J. Ca 2i ^^Kl 
yy^Afijitt. MFATd » «»J:6»}Sltftt»< RANKLtff lit i J Jl 8 /: i - ') >9g 

tfti:v->7H?>i3cvj)fisi«r*ife. cft»ic?)isa*c-aLT, rankl-? »j 5St u b 

HM7tt. *y)St<9 24Bf (Dft * «j ft"? e ««6«)«Ca 2 *Jg»^S«r ft (0 1 0). CftttIL 1 
-?*iJ>Si U fe«BtS?aS«rft 55 # o fe. U RANKLE B IL 1 0 II t* ft 7 tU » U T 6 . 
i t0igft<i>iSi2*Ca 2 *5SS<5±»i3:S^rft«»^fe. PMASf <fc C ionomycine* ¥ <0 Ca 2 * 
^^•/7»7Ci)Jia]tt RANKLE J»«#fflBWJ«t5*C7v7'l/¥i I/ - f- Oft^^^C 
>: (WHif-n #15. ?StlfflBff^lC3VU-7NFATc1<9;g'tt^(?)^(y)ICt?«Ca 2+ y 7 
7 ^fi«tt . Ca 2+ XA>( 5-?tt«<^JSEfl99Ca 2 *<()ig»T*5)lRF^e#iJf)I. RANKL# ! 
«Ca 2 *qIfi)<tt JStt<bt 3 ©# . ft? lift ^© 'J Hfy H * S ft * <9 ffi 9 t 8 I 1 *t ft 40 
t$Stttt*3<?)»ttWiS#7l3:ai>. 
[ 0 0 7 3 ] 
[^S6«8] ESUBBtm <95S# IBB^flf 

YOX©7->-?-7yr^>7l!BStt, 5C^# tt Si 5E © * S S >: ft 3 <fc ? « f «B«g 
iftfe^t^BHt^CttHR^^an?. #JXI*NFATc17« Y ^XttZ^SJtVKf^iC'Pllt 
3= T ©day 14. 5 J; «) Bu C (B SSPi S C J; ') 5E 1 1 I if) . 1 91 B © 5! £ IC ft it 

JUFni1<J>m$o)&m-tmmt ? C^«7f Sll (de la Pompa. J. L. et al. (1??8) N 
ature 3?2. 182 186; Ran9er. A. M. et al. (1??8) Nature 3?2. 186 1?0), T ^ C . NF 
ATc1tX^t3T'57C)§&^ffF#'i)tllllllBt#?CVttl3^/C>!'^Rl^-?$)2. *t C 7 
^ 51 Bfl t >J Be . ESifffl B *3R©»«/79D77-V , lBBSBB»f«#aiBC , a)*ll<»^t 50 
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» t 3 *dft. ESfflBtt (embryo! d body; EB) Witt c* "J E a 5c Jg 1 1 X 9 t tt * . 
[ 0 0 7 4 ] 

E8an# « QtttflRKJKttttT 9 J; 7 CfiS -» fc. 7 < - *" -SBRfttttFttEBfflBtt 
ttf7f >:-Hfcf < v 7 a ±? 15X FBS, 1x10 4 M 2 mercaptoethanol . ft <£ ?/ 10 
00 U/ml leukemia inhibitory factor (LIF). 50 U/m I streptomycin ft £ z/ 50 m9/ml p 
enicillin tSt 1 DMEM (Gibco) ?tt»Ufe. & £ I! ESIffl B tt E14K [HFATcl* 7 *]. \fD 
£ftl$tt#tt NFDK34 [NFATcl* ' ]. ft <fc 2> * € 8 ft fi $ lift CMFATcl ' ]. NFDK 1 0 
* *tt NFDK 17 f HUfe. ESfflBtfctSBBCfrttrttZfciy). ESffl B T 7* 7 7 SQ 3 
U . ttrcUtAyf^l^f l JT < v 7 i C25U I K □ y 7-1= IC3x10 3 ESIfflB V S3 10 
i?A>f >7(-'0v???L'-7<>7l/fe. Day 2?A>f >7F0v 7* 1= <?> embryo i 
d body t D tt U . ft&7 < v V i C ft I k. . C tm ® EBtt . BIgc)M C8F (100 n9/ml ) 
TSta MEM/1036 FBS<P. M' 'J f < v V a "? 2 B fH « U * . t <9 tt . EBT 0. 2556<^> b V 
7-7 7 EDTA PBS? SQH U 7 i - SB B T El tt l- . 7 □ - It 4 f* X f- V - 7 CD1 1b. c Fm 
s. ft J; o>RANKc?f!I|t IS^fe (day 4). D © U * 1 - IfflB tt . RANKl (100 n9/ml) ft J: 
Z>M C8F (10 n9/nl) * St a MEM/ 1 095 FBBt>C*SRtt*«ft07*«L*. 4B tt . *« 
■P Cffl)*tt < TRAP* MNCfrPfl? U * (day 8). C tt «5 © TRAP* MNC# . ft5H«D^±©#« 
tt»*tttt'«ta»Q»ttttt*tC^*ttttrftfc. 
[ 0 0 7 5 ] 

± IE 9 * ? C . EBtM C8F"? 2BlflW«t"$>£S»/7?CI77-7 , J»BElBB036£tlf« 20 
tt t tl > Ctt^tB*tilC#fK?tti!~rbl)7'4y7alCffi3 : Sftl,7. M CSF£& T RANKL 
-?4B^33J)Siri>:. fe^HWtflC^fU tttiRJBttt Jf oTRAP'#&H8B##tt L * (El 1 
1). tt^7. :<i)««SB, X*ICJ;')7777- tt&Jct§t«Tl£72ttfc"f<i>5!* 
tlBB»JSCftit3«9tSK3C*tg«crZ. 
[ 0 0 7 6 ] 

[XJSStfJ?] NFATc 1 ^ © "f )5 •lb 

**BHtt >J tt . G4189K t Jlfflr ttfe38«C J: «K MFATcl*' ESUBB # ^ NFATcl ' E8 
IfflBtt t £Jff? tt*. (Yoshida. H. et al. (1998) Immunity 8. 115 124). NFATc 1 ' E8 
*fflB7tt. RANKLft £Z/H C8F& ft T 7 9 JSJI&tt * IB B <?> *JSff S ft C tt U Til* (EU 1 
2 A). 7 * C. RANKLW)StU *NFATc1 ' ESSfl B? tt TRAP* SOB tt ft < % >> tl S # * . 30 
U»U«#>». NFATcl ' ESSBBfl >i <*>CD1 lb (Mac 1) * tt # » tt ttX Z t 7 - -tr (no 
nspecif ic esterase: NSE) tttt®t«/79D77-7 , l!IBffllB0£«tt. ttfflBf ft 2 
NFATd*' ESifflB^ H V N U *< 7- ft o * (0 1 2 B). *t tl C iD X . NFATc 1 ' SO 

8".SBB<9c Fms (M CSFg-Sft) ft £ o>RANK<4>5gIStt . NFATcl" ' tiSSBBQIimcEtt 
U * (»«Jvf-n. CtL>4 ©SS'Rtftfr'ttI V. NFATdttTRAPfcfi "f <!>m% ft £ « 
3S/7?D77-7 , SD"gJSB»^JS^U*#^^ti®t2^0^<b|-:M'S«^iJt**UT 
U "J C * #8EBH? tl*. 
[ 0 0 7 7 ] 

[SSS^JIO] NFATc 1<9<e^tt«l ft J; t> A- h ^ - 

*tttt* iJ tt. TRAP. 37 ^ 7 K Z U t77 7K, CAII. ft«j;c>MMP ?? St'© 40 

(Anusaksathien. 0. et al. (2001) J Biol Chem 276. 22663 22674; David. J. P. et 
al. (2001) J Cell Physiol 188. 8? 97; Motyckova. G. et al. (2001) Proc Natl Acad 

Sci U 8 A 98. 5798 5803; Reddy. S. V. et al. (1995) J Bone Miner Res 10. 601 60 
6) t77'J-:>7lfe. tlY. C*l <»7- U C- 9 - tt ft 7 G> NFATcl BUffi t S 
^-?ft , ). NFATcl ttCtl K ©ttttfflBttfi^ t IttlSttt 1 C Y ilk.. Z Q °I «E 

tt t 2 *<y>. RAMKLWttCttSt 3C^^ffl«itlTl)"* TRAP7" □ €-^-**tt*;U 
n: > 5"Sft7 0 € - * - (P370 € - 9 - ) (Anusaksathien. 0. et al. (2001) J B 
iol Chem 276. 22663 22674; Matsumoto. M. et al. (2001) J Biol Chem 276. 33086 33 
092; Reddy. S. V. et al. (1995) J Bone Miner Res 10. 601 606) C £ V IE » t tl J II 50 


(25) 
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( 0 0 7 8 1 

11 V 7 i 7 - -tf 7 v <f <0 <to <9 U * - ? - 7" 7 X $ h" <9 « g IS >>L T IC £ J IC « -> 
. 7 0 7 TRAP7 □ — (Reddy. 8. V. etal. (1995) J Bone Miner Res 10. 60160 

6) <9 » 1. 8 kb Kpnt B9l Ilff tft . PicaGene/l, ! y 7 i 7-i?l/ ^ -?7 Z $ P , ba 
sic vector 2 (T0Y0 INK) <5|5]L>ffl5flticJfAt7. l//K-^-7-7X$h" PTRAP luct « 
SI U Jfe . «tffli8C*mtt«7'>7a^2/FZ>**(*7'DC-*-*« (P37 □ t - ? 
-) « > 7 5 - AAGATCTCAACACAACTCTTAACTGGACC 3" (ttW#^ = 1 ) ft & & 7 y T <t 
y 7 5' AAGCTTAATGTAAATGTAGATATAGC 3 - (E?J$^: 2) 7- 7 ^ 7 - t H D 7 PCRlC <fc 'J 
JB* U . fe'?-0<5l//K-7"-7' ! 77$f i PCTR IucIS , 461 bp© PCRBfi t basic vect 10 
or 2<9B9III HindlllfffltClf A U 7«£ L . NFATd£Htt T552G39 «fc t>R485A/L486A 
IS- SHItW*ffi**»Afc (Sawano. A., and Miyawaki. A. (2000) Nucleic Acids Res 
28. E78) C*'J4Sfbfe. T552G39 J; V R485A/L486A9 £ d» <5 7 7 <f 7 - IS . ^ftfftS' 
TGAGGAAAGGGGAGGGAGATATCGGGAGGAAGAACACCAGGG 3' (KW»^: 3) ft £Z/ 5' TTGGGACGG 
CTGACGACGCCGCGCTGAGGCCTCACGCCTTCTACCAGG 3' (ffi?'JS^ : 4) f ft 3 . FuGene 6 (Roch 
e) t ffl I) 7 293T8B18 IC h7>X7im, h 7> 7 7 i 9 V a >©2*<n*CA ! / 7 
i7-ffS4t7»finjt. £7G>7*-'ytS 3 P-*3±s.e. (n=6) ? * L . 
[ 0 0 7 ?] 

TRAPlSffit IIB83 IC*J L 7*«tt*f*ttttttlltf, 5«£lfflB87-;&-*U7«£K<El) 
miT * V . RAMKLC J: * t 8 II 7 v 7* U ^ a U - K t * it ? 1 -37ft Z (0 20 

1 A). - JHyH^XSftltt'UUtnBcH**?. <i>HuK*ffliB-? Oc fg U * 
I). 0 1 3 IC* U <fc ? IC , NFATc1QliiJf6Jg<5 Jf-?n5£ 97 □ £ - ** - IS 5S tttt 7 ft £ 

c?>}8ttfti*«ttufeiaysfc<«»->fe.TfflB8}Stt*tcftii7tt. il 27 □ t - * 

- ±"? . NFATISAP U»»t]:);yj; < 50 •> ft 7 I) 2 (Chen. L. et al. (1998) Natur 
e 392. 42 48; Macian. F. et al. (2000) Embo J 19. 4783 4795; Macian, F. et al. ( 
2001) 0nco9ene 20. 2476 2489). c FosIS tt f IS §8 MUX IC ft> % <0 AP Ifc&Mfr-JftZ© 
7 . C <9c Fos? NFATd Vttc: I- 7 > 7 7 i 7 y 3 7 I fe. W 1* 35 U C IC ^ NFATd V c 
Fos*<9Dl- ! 7>7x7x75/3>l* TRAP7 U t - >? - ft £Z* 1) )l V H>8Sft7Df- 
?-9iit<9llt£iS<l£<t?gS$U*.#. c Fos<5 * ? tt C ft »J <5 7- □ t - * - t « » C 
58tt<tUfc#it?*-5fe (HI 3). C ft ^ <<> SS SIS . Cft*®«tfflB*e*C»U7 30 
. NFATcllS . c Fost St>AP 1&ft# * ttft t I C V t » < f « U 7 U 2 . NFAT = AP 1 = D 
NA££#<9«o,i.«}!tlc£7l>7> AP 1 Y <D # 3- ffi £ ft ffl Pi S 7 ft fe NFAT£ A ft fg 5 7 
ft7l)Z (Chen. L. et al. (1998) Nature 392. 42 48; Macian. F. et al. (2000) Etnb 

0 J 1 9. 4783 4795). C ft * H « IC > * fg 93 * >i I* . "tftYftc Jun3rJ;o>c FosV<9S6S 
MC$St9AtK^CJ:^7, AP 1 l)MFATc1*m* NFATc1T552G 39 
£ & NFATd R485A/L486A t*» o (0 14). «fl & U £ £ 7 IC > C ft ©XHMFATdtt 

(0 1 3) C * # «i . AP 1tt«tffllE»fcSTft»7ttZ*K5«S*Ci&it2 NFATd 

a ® a - h7-?»?cv*»*rftfe. 

[ 0 0 8 0 ] 40 
[fifcffll U TRAF6. c Fos, ft £ & NFATd <2> SI £ 

HVli-^ NFATclfiK. 39 <fc 5* TRAF6&E 39 J: c Fos& % 5 y 0 flU <9 SX SO <9 
lift® V 7 f ^fiflftK® IB9 BBfibC o U7tiJC¥»#nSU-ift. TRAF6* ^.ttc F 
osK* 7 -7 7s ^ ^ <9 BMMIC ft it 2 RANKLtf SI 9t J NFATd <9 « 3S t i¥«5 b fe. NFATd StJ X 
<5Sf«ttc Fos7^^lffli8-?tt %*IC?lS7ft . TRAF6IB 18 ? tt % ^ "? tt « » o £ t <9 <9 * ^ 
CM / >U7llfe. 7^C/-■7 , 77□y^li^lCJ; , )> TRAF639 «fc Vt Fos <?) R t . NFAT 
cl nRNA<9 iE « « * IC * ^ "? J) 2 C V»HtiE7ftfe (0 1 5A). $ ft I, £ <fc ? IC . NFATc 

1 tnRNAQSI^tt^ D ft Cc Foster ^ U7ll^.C^»>>. NFATd (SAP 1<9te^««)7*ft2 
C * * & 7 ft £ . U»U«Jtm. HFATclOSfi K3BIB V ttJill . NFATd mRNA<i)gl9ttT 
RAF6X«BMM?efiP7>«)CK*7ft^C V # >J . TRAF6C <fc ? NFATd* 9 <5 Si V IS £ * U 50 
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11 ft £Z/&^&\/ \ II Qffil5^ t) ft. -Z 1) J 2 Ytfm&t tltl (EM 5B). C © J; ? C 
. atfB&C&UI£9>?£90. NFATc1ttTRAF6&S&ifj <fcc*c FosJS 8 <0 m % <0 T 2ft ? SI « 
?tlKU^, MFATcl tt . «#«lB»SKC*«©Ctl»JZ-3«?)«»titet3«»Jt» 
fctC*#a".7tlfc. 

C 0 0 8 1 ] 
[£114)12] in vitro«tfflB»flf 

fli&ft 1 3~ 1 8 7BU*. in vitroBt IfflBMtt 9 j; ? ic ft -> . C57BL/6T 
■7Xa*©l*«*tttBlllB (24-5 x il/7* U - h 1? x * ifcfc 'J 5 x 10* IfflSB . 10 cm7- 
l> - K { ) 1.5 2.0 1 0 7 BB) t B * . 10 n9/nl M C8F (Genzyme) t S4M0 % FB8 ( 
Si9ma) a MEM (Gibco BRL) «f ?*« U . 2B tt . 'J > A J* t § ft & * ffl B t J* 10 
I) S U fctt . 8tfflBtBMM*U7"fjll*.. BMMtt 7 >J C 100 n9/ml qf 5§ RANKL (Peprotec 
K) ifj^&MO n9/nl M CSFS fe T "? *6 ft U 5S t 99 B t F* 0? 7 tt . 1/ 7)^ 5 F^SSt 
ST« * 3 fcto, 1/ 7^ I 3j P <9 Stt«B»?» 1 A77 1726 (Aventis Pharma) ? . *t c ffl 

12 0 * II BR 'J RANKL* H b| C fl) 2, . 3B tt, TRAP*©** (>3*) IJStltSUfe. ft 7 
(5f-?Rf«±s.e. (n=6) ? * U . TRAP* MNCtt . W.ffilEtt (Takayana9i. H. et al 
. . Nature 408. 600 5 (2000)) I £ 7 C . ft*H1»Jr±-?0tftiRStt*. thVV 

[ 0 0 8 2 ] 

[ft £ ft 1 31 « t SBBft IC n t J Is 7 h J $ P <9flJ $ 

tZ^atlS^Ifcto. * rM CSFSfeT 7 RANKLE U 7 OZ»Dl«/7?07;- 

V (BMM) # v, O in vitro^ t^B^WlC^t U 7 Jl- ^ F ijaStSI'tfe. HI 6 AC 
* U £ £ ? IC . 1/ 7 / § F tt IQMIfiftttttt X 7 7 * - S»tt<<> 2MB (TRAP* MN 

o <5iist, Eitfcfctt (i iooum) est < las u ctm®ai?i*. i/ 7 iu 5 

P ttBMM9£ ft?* J; Z/MmEnnvteMt # *, S# o £ (EM 6 A, 1 7 *B : IMi»T'- 
9). ^tt M RANKLCBS U T«tJBBC*<b t 3 7 7 □ 7 7 I RAW 264.7 

0EANKL*»»r * «#BB»*CJHI7e . H « <9 51 8 Sb * # B * 7 ti *. (?f«f^- 
9). *taB»ftC«t 3 1/ 7^/ $ K0G18fl}*tt'7 'JT'X^iifJlfl&tolCJ; 1 ; D 
ft U C V tm . C<S>?18ttde novo (tift) <5 C 'J 5 V 7 £ ft JK © JS B » B S ? * I C 

V ^^fvi«7tl^ (El 1 6 A. 17). RANKLtiJ3KCft I) 7. l/7^y$PO^felC<fc , )-«i# 30 

m®Mw<Dmi§.&m%? tii u -vtss^fe. 01 6 Bern u fc* ? c , i/7*/if 

t^«7T--7, r«fctRANKL»B©0~24«»Btt©BC*air 2 V . TRAP" MNC^PW 
ttlJI?^±ICflS7a^.y. C^S^Jt RANKL 5©<<)48^^ttlC)ii0U7t i t<4)J;7«51 
Stt^*7il«» (0 1 6B). 
C 0 0 8 3 ] 

[XX ft 1 4 ] RANKLE 8ttft t 3 T» V 7^*filC>St ? 1/ 7* / ^ P 938* 
±!E<5>SSS?£C, RANKLC <fe ') 5S tt it 7 ft "f ffl B W s / 7 ? ^ fe)l3igac 1/ 7 IU $ H 
t Z««t iS^fc. AI$«)Ctt. RANKLtt ? RANK^ Q S ft t ii U 7 

IBcy7?Jltfi«U. TRAF6«y<i)TNF®§ftiaBl^ (TRAF) 77$ , J-lifiB'*:iS 
tt^t b , Ctl^NF /cB!i», mito9en activated protein kinase (MAPK) & !& . fir «£ f/ Ak 40 
tfiB t 5Stt<b t ? (Them. L. E. . Annu Rev Immunol 20. 795 823 (2002); Takayana9 i 
. H. et al.. Nature 408. 600 5 (2000); Won9. B. R. et al.. Mol Cell 4. 1041 9 (19 
99); Takayana9i. H. et al.. Nature 416. 744 49 (2002)). RANKLtt £ k. . AP 1B7B 
3- ttft ft IC ft i) 7 flgjjg u J 1 c Fost B * 7 I (Takayana9i. H. etal.. Nature 416. 74 
4 47 (2002); Matsuo. K. et al.. Nat Genet 24. 184 7. (2000); Karsenty. G. & Wa9n 
er. E. F.. Dev Cell 2. 389 406. (2002)). RANKLtt, TRAF63V <fc c FoslC ft % tf) « ft 5S 
•? . nuclear factor of activated T eel Is (NFAT) 7 ? S 'J - A-?Ji^ NFATcl 

Hfi^tjgRttCRit J. RANKLtt £ fc. . Ca 2 * y 7 ^ ^ ii t * I) 7 tt . Hyli- 
y > t /V U MFATcl Q IStt^btfiCt. u©SStt^B:«tfflE«'ftCiRB»-5t«'?ft3 
(BBB 1 ~ 1 1 ♦B). 50 
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C00841 

U7/l/§h-<i>&tMF*M£0ff*S»tlSBBf-2;fedft. RANKLff SI $ t J C tl «J 

©T»v77^#*©)3ftftc^*zu7/i^$F©x»stt8x;fe. a # « c » . u 7 /i, 

/ $■ F (30uM) ©fc£T * £tt#fcftT7-24i>f fU7- U <f > * a ^ - I- U fcBMMt RANKL7 
l!l*U. fit 1) >BtftMAPK«tft. fitMAPKfiift. fit 'J > « ft Aktfit ft . *£ttffiAktfiTft (New 
En9land Biomeds) t ft 117. J«. flU © IE IK (Takayana9i. H. et al.. Nature 408. 600 5 
(2000); Takayana9i. H. etal.. Nature 416. 744 4? (2002)) © & 'j c /f u J 7 □ y f 
a y 7 V If *T U £ . electropkoretic mob i I ity shift assay (EMSA) © H th , BMMt 
1/ 7 K J \ F (30UM) © * ft T * & I* # fc T?24*IU 7* H > * a "l - I- U fe. RANKL 

fy* t e« -> . aaustoiBast n« u ifn b?u t - ? - ©nf KBSftVtttdt^'j 10 

□f 7 7 U st f F 7- □ - 7* t ft t) 7 WHO © CIK (Takayana9i. H. etal.. Nature 408. 600 
5 (2000); Takayana9i. H. et al.. Nature 416. 744 49 (2002)) ©fflVCSftfUfc. 

7 - A - V 7 F Ctt fitRel Am ft (Santa Cruz) t ft life. 
[0085] 

0 1 8 AlC;Tv U £ ? IC , I/ 7 A- / $ F SG3 U £BMMC ft II 7 . ERK. p38, ft<fc&fJNKt 
St'MAPK©RANKL»f»* t ? JSttft C«U 7tt . Hi W £b * tt ffiS 7 ft ft » r> . 7 , N 
F «B (El 1 8B) ft Jc^Akt (El 1 8 C) © RANKLE m « t Z5SttftlC^U7t, f**ttft 
t>#. Jioin7tllff?fto)lC^'i, C ft ij ©fl-} I* RANKL5/ 7 7 ^fcitlCft 

it ? u 7 ;u y $ h <5rFi®«ftfttsiigfttttff*?nfe. 

[ 0 0 8 6 ] 20 

[ mm m 1 5] u7)u/$F©f , Fft©;iitt)te : 3-©7//*7'(F77D-;>7 

Cft II 7 RANKLE « t J»£l97//*7^ F 7 ? 'J - : > 7t ffS ofc. £ 7* U 7 )l, 
/ 5 K (100UM) ©fcfcT* fcttlffcfcT, BMM"? RANKL (100 n9/ml) ftJ;^M CSF (10 n 
9/ml) U , 24^^^ICSepasol RNA extraction kit (Nakarai) t ft I) 7 BMM# H £ 

RNAt fflffi U fc. £RNA (15 U 9) t ft II 7 , IC <fc Z cDNA^J* V , *t ft IC & < i n v i tr 

oteSC «fc 3 C 2t f y ftcRNAftS)?t ft ft r> fe. cRHAtimtOfcfc, 12. 000© 7 7 7. Jtfe 
^/ESTc^T- □ -7#T < 77- U >f 7ft7 I) 2 ? 7 X U74Av2 GeneChip (Aff iynetirix) IC 
S3i7C<?)7-DKD-;HC^o7A-<7 ,, ;5 r ^-tr--7 3>t«ftofe. f y?tlM, SA 

PE7&6 U . Affymetrix Genechip scanner ft .X.&tjti&Q&fcJ-ftJS.y 7 F O x 7 t ft II 30 
7(S*f t fift ^> £ . 

[0087] 

RANKL-7 7 7 A,fi«lcH* t Z ftSE* ft JL7 i. 7 * - » * © mRNAf! IE t fit «f U 

i/7iyu'u nfatgi © *c ? c >s l. 7 * e a u up iwa » t m u . bi ?cfa 

£©J;?IC. NFATc1©mRNA9! SttRANKLlC «fc ') 20f& ^ ') 5ft < SI«7ft*.Wf . U 7 / $ F 
ttC<4>5ESt1/8iC-(&T71+fe. Ell 9 IU vTv U ^ fl5 9 Itfe-f <5> rnRNASI^ tt NFATcl© J; ? ft 
It'JMiKSttft^ofeC'i;^^. 1/7^/5 Ftt(E?t?f5»««ICli»t2«9?tt«<. NF 
ATc1©mRMAI/'X^tiB«ttCftT7-ttfeC^ttW«?ft3. C*l«i©ttiR»>J. U7)U/ 
$ F Q « «J C tt , RANKLE SI «t ? MFATcItt « © « H» d * ft 7 II 3CV^/Tv«7ft*.. 
[ 0 0 8 8 ] 40 
[ni&m 1 6] NFATcItt RANKL V 7 7 JUejtlC^t 2 U 7 )U / 5 F ft © 15 ft « 187* 

NFATcl . TRAF6. ft <fc C^c Fost S f © t SB §3 C ft it S/fc^fl-^S&HfgE-^i* 
C^*fUfe. 1/ 7 A / 5 F B NFATcl© 5! 9 1 3S<SI : SU*. (EI20). TRAF6ft «£ 6fc Fos 
©Sl^U^^t, »CllfflZf-V (RAMKLfU»©3B«) Cftt)7€TLfe»f. S5«tt* 
^tHE?? 5 ^. ftSSfi^t^R'i, V 7 h ) \ F ©#6TRANKL7*»J»t U feBMMCft it 3 
NFATcl ©3SIBl3:li>^y$JE7ftftll#. |B| b S fr 7 c Fos * tt TRAF6© 5§ S tt . 16 II U 
'X^ttJnfeffttSHTaStftfe (B2 1). 
[ 0 0 8 9 ] 

NFATcl ©5gl^ 1/ 7^/^FICcfc , )7'?>Ur2U-F7ft2««t7'ilCia^^. RA 50 
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NKLtf §t $ t 2 Ca 2 " JS tb 13: NFATdit ^ 5§JB<96&Jt l HlCi&2i7£> ') . C©tfciS*itt# 
IKti «NFATc1ttfcfc)2<£5:7- □ 77 AC V ^ 7i5?l) ? C ^/irtl7 II ] (XXtil 1 
~1 1*1). ^ C 7 . RANKL7JJ;S* U £BMMIC« it 1 Ca 2 * -V 7 t ;HniilC*J * 2 U 7 & / 
$ K 5»BStll^fe. M<*3 I) C * IC . 0 2 2Cfa^J: RANKLIC J: K ) Sf$? ft IC 

a 2 * JS » 13: U 7 A< / $ h'lC^'HSSrftfcOliEm. RANKLff SI * * 2 Ca 2 * V 7 t )l 9 HI 3 
ltl/7*y5FCJ:3 NFATdfS £ <?> ?1 3 IC £ ') . '>«<*t8P#fl$)ICs!iaBTtl2C*#m 
<*tlfc. r * IC, RANKLIC J; J NFATd SI 9 IC 1 5 « & V H * 7 ft 7 TRAFe^f «fe C# c Fos© 
y^l/f l/7*/~§h'CJ:7 NFATd © 5£7J#SI5lCtt;tl]tf)IC$#L-7 

l)?g*tt«f»>3. tttttil? RANKLIC MX * I TNFSf J; &»IL 1«y<5tU H >tfi»t 
IIU*ll (*Hffl1~1 I 3 ?, RANKL#V© £ 7 ClfttBl t I © #13: * £ 10 

*E7& 3 feW. RANKLE 9 T 3Ca 2 *}fi»IC*jr2l/7*/- $ K © ft SB « tttt IC ^ I) 7 

[ 0 0 ? 0 1 

« » . ^/7Dvhl*tta*J:&»ftasaSfcettJ!lT©J:7ICfftt-3fc. * * SB IS » I* 
IC ^ J RAMKL-7 7^il/£)l<5T ft * * 9 5! ffi t » « * I feW . BMMt 1/7* (30U 
H) ©fcfeT £fc!3:#ftftT7RANKL/M CSF7 U % U . RANKLE Jo & . Z4«t HI £ IC BMM© ± 
SB §8 Jft & m t » a fit ft NFATcl (7A6). TRAF6 (H 274). ft^c* c Fos (H 125) (Santa Cr 
uz) t E U <f L J 7 '□ y t < y 7 IC J; ') 7 v <2 >f U . & £ & £ 7 13: . SBi8tl/7^/ 
SS K (30UM) ©#fc"F*fettft*fc"F, RANKL/M C8F Y « IC 3 B IB *§ * U . 4X 
7 *7* t K 7 20#E£ U fcft . 0. Z% Triton X7 5fr5?ig U £ . fflB t . «l IC 5X BSA/PB8 20 
7 80*. 2U9/ml fit NFATd fit ft fir <fc L>4U9/ml fit c Fos St ft $ £ 13c fit TRAF6fit fttSt' PB8T 
7 60#. t©ft. 4u9/ml Alexa 488* £I3c8u 9/ral Alexa 546? =5 \ h b 2 S! fit ft (Mo 
lecular Probe) 760# O+i^-f'Lfc. 
[ 0 0 9 1 ] 

Ca 2 + jBI£l3:W.T©£ 7 IC U 7fi« -> . I/ 7 * / $ h" (30uM) (J^ftT^B 
ftfcfcT. BMM? RANKL/M C8F* tt C48* IIW 7 * a - t- Ufe. ±1EICIE«!L.*.J:?IC> 
SBBlC 37 * 5/ 9 L 4 y V*7- •? - (fluo 4 AM3V frFura Red) tD-FU. AIAHff 
SI (CI. Nikon) -?$£U£. S S U \ h » >i <5 3t 51 S <0 it <0 ± A t . 10UM ionomycin 
t^^Db7^lfeJt<?)«7;±#fl|-?iJ , ). %MiXitm±% (Xmax ratio increase) H7$ 
U fe. 30 
C 0 0 ? 2 1 

7 ] 1/ 7* / $ h" Ci ? «#SBB»JKiaSC*J t ? TRAF8. c Fos. $ fe IS NF 
ATcKi)*m«S<9 5))m 

C9«fc?C. 1/ 7 * / $ K IC £ J de novo© C 'J ^ s y>a^5)?9ilBrtt. RAMKL s ;7/fl, 
£Ji!C&&<9U / x;i/-?=F#U. «JtaB§3^sriC£5S^feH7ft3 MFATc1<5# b I) ^ 1 > 
l/^aU-5/3>t3l^«CUfe. IC?, IANKL»»«tfflB»SK© 1/ 7 * / $ K C J: 
ZfiPSUlC*}* 2 . TRAF6. c Fos. * tt NFATcl © HUT* « <P » SI t . SBS^J5 VH*©U 
KD'7'fyi/7ICJ;3it€^^ACJ: , )IS^fe. 
[ 0 0 9 3 ] 

l/FDOUZtM - PMX NFATcl IRES EGFP (pMX NFATcl). pMX c fos IRES EGFP 40 
(PMX c fos). Jyjc&fPMX TRAF8 IRES EGFP (pMX TRAF6) tt ± IE ft <fe c> X «t (Takayana9i. 
H. et al.. Nature 408. 600 5 (2000); Takayana9 i . H. et al.. Nature 416. 744 4? 
(2002)) IClEttT tl7 II J . V V □ 1 4 H 7, <0 A v >7 - Yy 7tt Cft *i ©PMX'X 0 9 - YP 
PAMpSi2V t 2?3TSi§S IC □ 'J * 7 i 7 V a > U 7 ff {? ^ ^ . SSQ2B ft . RANKL/M CSFft 
<t & 1/ 7 * / $ F (30UM) 7BMMt » U fe. RANKLE JtD <9 3 B ft . W. 19 IE (Takayana9i 
. H. et al. . Nature 408. 600 5 (2000)) U k. J; > IC TRAPS 6Jifcfc6ft'!&iR7yt2'flC 

* •) « * sb §8 w>m t m m u n.. 

C 0 0 9 4 ] 

H<*3K U C ^ IC . NFATcl ©SRf 5! S 7 13: 1/ 7^/ $ P ©^feT7t58)?«)IC5StSBi8y 
r^Wr ftfe^. c Fos*fettTRAF67tt^Wrtl«»^feC Y ft «J . RANKLIC S§ ft t 2 NFATc 50 


(29) 
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[ 0 0 9 5 ] 

mm mi 8 ] *ffittt*«cttr3U7^/5K0TiB a 

m&%Cftl)-Z . TlB§8l3;t5£«T 31 3= £ C * 58 ^ # <9 « S& IC 88 # U 7 I) 1 (Choy. E. H 
. 4 Panayi. G.8.. N En9 1 J Med 344. 907 16 (2001 )). SIS5$xH§i"?ttftJ5&<5*?T5£ 
SS tt it C J; ') TNF a fr£c<IL 15y<5T5 0 7 7 - ! /4if<!)«tttO JO»IS«? 
ft. *fc ft "4 IS )f n&ttSIBB^RANKL? Si <Sf9 t 1 (Takayana9i. H. etal.. Arthriti 
s Rheum. 43. 259 69 (2000); Takayana9 i . H. et al.. Nature 408. 600 5 (2000); Tak 
ayana9i. H. et al.. Biochem Biophys Res Commun 240. 279 86. (1997)). 10 

« <5 8 9 C I) 7 . TJfflBtt C (DM** <fc 1/ JtSCSI * U 7 I) I . C <S> H ft # 

157&3CYI3:. C ft* <9ir * K:M>® + f^B**ttt*«Cttl,7lli«*a«» 
ft Z C >: # 14 1 (Feldmann. M. iMaini. R. N. , Annu Rev Immunol 1 

9. 163 96 (2001); Choy. E. H. & Panayi. G.8., N En9l J Med 344. 907 16 (2001)). 

RANKLt *»t 1 ffitt4bTaBBtftt*aiBftRCl8t $ * I °I«g£#;fo 3 (Kong 
. Y.Y. et al.. Nature 402. 304 9 (1999)). ^©HS. » 91 II & 5 HB3 Jjr J: L> THIS <0 
mi5 HI RANKL 1/ *i * . IFN rtjt»nf*?DT s /i y > (osteoprot 

e9er in; 0PG) «jf CJ: 'J i ■J)'* >X ?H3 Cttftt ') CtlftUT 

(Kon9. Y.Y. et al.. Nature 402. 304 9 (1999): Takayana9i. H. et al.. Natu 
re 408. 600 5 (2000)). & r> # <D IK V 1 7 f Ka#ftli»fR t » o » (Kremer. J. M. . A 20 
nn Intern Med 134. 695 706 (2001); Jones. G. et al.. Rheumatolo9y (Oxford) 42. 6 
1 3 (2003)). C <D t5fi«<9fc&S««<9£MTH§3#c£ff)J8)SI * Tffl»tt«# «l» * Y t 

C 0 0 9 6 ] 

TSHBfi £L>BfflB<?>^:6 t X < Ra9 2fflfe^X«T77 (Ra9 2 ' Y 7 X ) (Shinkai. Y 
. et al.. Cell 68. 855 67 (1992)) ©I&gjSlC U # * » (LPS) tfcAUfc. CU, I 
>h , K + V>M#ftiRttJiATS>J;'ycU7fi«-5fc. Ra9 2 ' 7 7 7 (laconic) (J J!*. 
S3 IE HI 7 ft 7 U I (Shinkai. Y. et al. . Cel I 68. 855 67 (1992)). 7i§^7 7 7 (n=10 
) Clctt (Takayana9i. H. et al.. Nature 416. 744 49 (2002); Chian9. C. Y. . Infect 30 
. Immun. 67. 4231 6 ( 1999)) L «fc J IC'J * f H (LPS) (Si9ma) t 25 m9/k9#S7l6 
IlClRfaAl7S#l^. 77X1*. LPSftAffititIC 1/ 7 )l/ / $ h" (10 m9/k9#t) 
*fcltiilti*5»DaA»iteojt. 58 S&8 5Bi?&«it5K carboxymethyl cell 
ulose sodium salt (CMC) 7 Sit, )* SS U . JSfttZ) /T t TRAP (ft < fco>\7h + 5/';>) ft 
£ c>NFATc1lC ~> I) 7 IE*! (Takayana9i. H. et al.. Nature 416. 744 49 (2002)) <D & <) 
IC$ei-£. ISJiSI^^-y-Sfe'J ©SStSBB&ft J; ^NFATcTSBftS Y 0) 
* - 9 - 1 3*S U fc. Student' s t teste ^MftS+fPtftft-?*.. CftH<J>£18t*fll$?ffi 
<?>»»X«CB*3Bfl*C*Hrft7l)Z. 
C 0 0 9 7 3 

ftffll©LP8aA»TJBBX«7 - K 7 7 7<!>t«*t»» U -> fe (Ukai. T. . J. P 40 
eriodontal. Res. 31. 414 22 (1996)) tf. *« BH * *tt 8 B ■ <!>LP8t fil U 7 Ra9 2 ' 
7 7 7 7#5£« t 819 * I C * U . C <9 C * # ^ . 'J >ASlJC?)? f i^Cfi 

I) 7&^7tt S U C V 7 ft £ (024). KrtSUlCfcC. C ft >> Q 7 7 7 ICS J9T ffi 

ci/7A/$h'ta*tn, o'jafj^^tiBiB^^^g u < &» u (02 

4, 2 5A). * II >8 $ <5> TRAP* MNC<9 # &#NFATc1 C TllTlftcSfi^H (02 4). U 
7W$K«3HCJ:'JH«C3*'>l.fe ( E 2 5 A) C*tt&§CfiIfZ. C ft C *S U 7 . N 
FATc2S V 9 ft><o NFAT7 7 § U - ? ^ > A-9*a»e UV*lll?ft«# •> 
t* - * ) . c <9 J; ? C . U7)U/$Fttinvi vo7 fii:«£'8•lfflBff^B^5^}£#3>> , ). CftttTffl 

BtiflHTiifiu. U7^/^K»f*©fflifisicerfffit7or«tttt«*ctt»»? 
fsn». u 7 a- / ss k ^nfatcisect* r 2 c v c«£ ') «# 50 
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fflBfflMBCl«tt*iaS»>J8tmT*u'J±IE0in vitro© ft $ * ft gt t 3 . C tic 
-Si 7. Ra9 2 ' T->7<?)«i£iRBC>JU7l/7^y$Ktt«ftR©»*tlt->Cftr 
S#o.fe (0 2 5 B. ft «fc 9»«Sf - 9 ). 

[ 0 0 9 8 ] 

^tSfiVt?, «#BE»SKt MB* J 55»*Btt?ftfe. Ca l * 5/ 7 

r ^ ftft»©Bfe«z 9 y -z >7*»***r<i^. *5gBfltt> ttfnB^^tSKffi 

CM* 3 £ flJ <i> 1 B t m&Y t 3 . C^pSlffm. fctJBBC* 3 £««tfl)Sfi$l 10 
CfflU'J* 3 §J ftB <9'>2 II 3SSJ * U 7*E?ft I . I8Si^9 it tt . H © V 1 1 f 
?3t'«4£t»'><l£g&<<>Jfia?ft3ZY#>i. *BBCJ:V»iitlZB»Jtt. C ft «J 
56 £*s<5J8B#*B&?ft3. 

[BB9BS«ttti] 

[ 0 0 9 9 ] 

CE1] RANKLE «»r 3 it £3- ©GeneChiplZ <fc Z ? J LI 4 K 7 9 y-Z>7©B»t 
ft0?J)3. * Cffi U fcmRNABB®BBBBC» U 7*»fi*Q4o ® * ? ktt. RANKL 
Bfl«0BBtf±an>«C OK. 2 h > 24 K. ft «fe L> 72 h © r* - •? t * * . * IZ * U F 
old increase© BKtt&Cft u t <9 3~5 © H 7 ^ tt . RANKLE AUS <5 B III tf ± » H 

IC 2 K« 24 K. ft J;c* 72 h Qf - J (*t Oh) tfvt. (A) 5S t IS B C ft II 7 ft B IS 20 
t?CV*R»<!)*taiBite*. *«By. Cft H ©it £3- 1* RANKL C J; ') 
BfiC^ltft^. £ A 2 JU tt mRNAB JSHIl (avera9e d i f f erence (tf «) H7$ 
U£) t, t A*;H***jaiHBBV©Jt«Cftit 2mRMAB«©fold increase (BftttB) 

tit. GeneCh i pSF «T »c R BB St U » U , @fc<9SSSI?#;fe. «*«8f-*fl» FtS 
Ufe. (B) RANKLC<fc V ft £ ft 3 teSB* * fettRANKLV 7? ^ fiit <D T » ? ffl 

* 3 Z * 2^ C^tt 7 ft 7 I) 3 «£SE * <<> 'J 7 h . NFATcl (?) % 8 1/ ^ A, ft S. frfold indue 
tion (fllVfftSi) $ <9 & S H 3- S> X ¥ © B 8 U *UH*£5£-?ft ') . 

[0 2] in vitro IC ft it 3 B t B §3 7 © NFATd <9 B E t * * 0 7 ft 2 . NFATcl nRNA9 / 
-t>70v Hfttfvt. RANKL/M CSF7 0* U feBBBB U £BMM# * ±RNAt ttiH U 30 
S-l/->IC5u9<6>£RNAt7 7- : 5'rU£. 

[03] in vitrolC ft it 3 B t B §3 7 © NFATcl © B IS t * tf3?J)3. RANKL/M C8F? W 
;» U feBMMlCft it I NFATcIS fit Si *. NFATcl tt * *BB H ?»** ft . * 

ic*c»<jt7. *«9*#»B?ifc*ai;7iij:)!cai. ta * ;t/7i*DAPi 

[04] in vivolC ft it 3 B* SJI87?) NFATcl © B St 3* * 07ft 3 . B#B§8Cftit3i 
n vivo7<i>NFATc1<9BIST W. t. 8ffll? ©C57/BL6 Y O X # * 1 fit 83 (roximal tibia) 

©SSBtJtf tTRAPft £Zt\T F + V 'J > 7 34 6 . ft 3 II tt fit NFATcl flt# V ft CB < Ale 
xa 4888 ft 2 » flt #7fc£$ 6 U fe. 

[05] H-D'JUZCJiJ NFATc lB«IZJ:3»taB»»?<3>»}»tt«Btai*B-? 40 
ft 3 . (A) NFATc 1 KD^ /U7&RANKLSU IZ TRAP* MNCff* t SI $ * 3 . C © tt t » 
BBWBttttc Fos-5 UXJ;nttI#Cl»->i. 1 •) * * 7 K RANKLE © B * 65 « XI) 
StiUfe. (B) NFATc 1 7^;U7S*lfflBlCftit3 GFPft J; c*TRAP©«^4 . GFPlC J: ') 
«fflUfcO^*7**BB®a>{ /CV (STRAPS 6lCl»tt-?ft^^. *7UZC*H7h 

[06] D H, 2/ Z a - y > ft * c>Ca 2 * V 7 t )HcJiCcfc 3 NFATcl © ft t » t 0 f ft 3 . 
BMMlCft U7RANKL^^»t 3 B t B IS W*ft IZH t iMVZi- 1 ) > B B B FK506ft<fcc> 
?JD7*!I >A©»»"J»B t /TvT . 

[07] » ;U V - a - y y ft <t t>Ca z * -> 7 ? ^fiJlCcfc 3 NFATcl ©ft® t S t 0 ? ft 3 . 
FK506I* RANKLE ® $ T 3 NFATcl © ft £ ft ft <fc Z/ % IS ± B t B 1 fl^ # fit) C 51 S U . 50 
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[0 8 1 HVI a - 'J >?ir<fc&'Ca 2 *v'7;MHzj}iCJ; Z NFATcl <9 IS SP t * t B ? ft 3 . 
a^V^ + l/-* - BAPTA AMtt. RANKLtt&ftt I BMMIC ?V ^ Z tt# flRKff t W«J U 
fe. NFATdgfft £ TstilCWS'J?- life. 

[0 ? ] u ivy z i. - v y ft zz/Za. 1 * *j 7 f nfc'&z & z mf atc i <d a us t»rH? »> z . 

FK506tt RANKLC <fc Z NFATcl mRNASS ft 1 51 S U fe. 

[01 0 ] » A, V Z a - 'J > 3V J; ^ Ca 2 * -> 7 7 H ft C £ Z NFATd <?>SBBStftt0-?ftZ 
. RANMSU feBMM?f?ft?li ZCa 2 + *IOtftT. IL 1 S 0 fe BMMf tt fi ft 7*1 « I) . F 
uraRedlC*> t Z f luo 4<9 ft 5 <9 Jt C £ V Ca 2 " ft S t * iH 0 fe . £ & 1/ ^ A- #H © Jt * 
<i>fl<9±£t, 10uM ionomycintftftU 7ftfeft£Jt*±ft-?9J-3fe. lonomyc i n<9 ^ ft 
tt * *P ? ft U fe . 10 

[01 1]ftftfflBt£atZft«t8ES»BlBftft&<?>«5$0?ftZ. LIF5J 5^ftT, A 
>f>7FDv 7- ^? embryo id bodyt 7 tt fe . C H >> 9 EB t M C8F ( 1 00 n9/ml) ?2 
B rH JJ & U fe . to*. EBt h 'J 7- V > «S U 7 $ - UBS T ft . 'tatlrsJtlT RANK 
L (100 n9/ml) fiXZ/H C8F (10 n9/ml) £fc T"?4B iHt§* b fe. 

[012] NFATclXftESHBttftt JfflBS C^tt? 3= SUClft StB?»I. (A) NFATcl 
' E8fflB?tt*#aiB»fl?flfR«*llZ . NFATcr 7 ESffl §8 ft ft ? IS 8) * J; < TRAP + MN 
C#»fl?rtlZtf (day 8), NFATcl 7 ESffl §8 ft ft ~? tt TRAP* MNC# ft v> H « I) . (B) £3* 
/77D7;p-3/ , )!uS&iBfiB2tt> NFATcl ' ESffl §8 » H jE ft C * t Z . EB t M C8FW*r Z 
KiffiiSBi8-?CD11b^# L <ftfttZ (£. day 4). ft A fit) X 7 r =7 - V (NSE) + □ 
□ Z-fc, Cff* J* til Z (£. day 8). 20 

[013] NFATd : AP 1 tt TRAP7* □ fl,5/hZ>ftS#7*C]E-*-t}S 
tt^tfZC>;t/Tvt0-?ftZ. NFATd tt c Fos Y ft U 7 TRAP7- □ €- *- »J;&p;&^5' 
H>S§#?Df-^-taft(ttZ. Ctl^?D€-?-C^U7, NFATd tt c Fo 
s* <9 3tl)lSft$9)Slt ftotf, AP 1 * ttftT- 3= 2 UNFATdftHftttc Fos Y 9 ft * Sb ft t ft 
fe« 11 . 

[014] iw0-?ft tlfeNFATdftfltt <97 ^ / iEWtf tH?»i? . AP 1 * <<> « ft ft ft 
tfli* X,¥2 l)NFATc2ftft# * ®EW®SI6|«:tftC, NFATd ft A 1 15 St U fe . it® 
BJ1ttJ:»iJlCi}!*f : 5 (NFATc2), 6 (NFATd ) , 7 (NFATc1T552G) . fl <fc 8 ( 
NFATc 1R485A/L486A) V U fe. 

[015] NFATd tt RANKLE 7 t k ft C 3* tl 7TRAF6&SSft J;c<c Fos& ft 9 T ft "? rF ft 30 
rZC*t/fv*0-?5>Z. RAMKLV 7/ ^fiftttftlfflcMftt H Z . RANKLE RANK C 6 
tn, TRAF6iS ¥& . c Fosii?&. J» £ CCaii IS ft t Z . c Fos AP iMBtt NFATcl 

mRNA^ ft c A ft ? ft «; . Hy:i-y>«#«« nfatci i ftoigfttt^ttftUTiit 

tt»«ft t ftSJTt Z . TRAF6S& IS tt NFATcl mRNA<5 ® ft O ^ 5 r . 9 fi « 5^ * ft * V <9 NF 
ATd<9te^«saffi5lC £ I 5? ft Z . *f4i U fe NFATcl ft tl fi tt , J^y: a - 'J »K»M 
^-?^C^l7U, AP Ittfttt V AO U 75Sitffl§8ae^ t Sift t Z . (A) RANKLE d: 6*M C 
8F?»ftUfec Fos ' m §S 3r J; U TRAF6 ' fflBC33r»t Z NFATcl 9 fi X <9 51 ft . M CSF^SQ 

5 U fe KlfflB t RANKL/M C3F>:ttir7-^C3B^JgftU. lit NFATd ft ft "? ft ft ft ft U fe . NF 
ATdS ft <*>£ft tt . c Fos ' JBB * fettTRAF6 ' IfflB-ftt^lLYltX^UTDZ^tfe 
tt#^ClSTL7Ufe. (B) RANKLE <fc Z/W C8F"? iPJSi! U fee Fos ' HB fir <fc &f TRAF6 ' IS 40 
BCfif ^ Z NFATd niRNAOfgft. NFATd mRNA^ftttc Fos ' fflB? tt ft <» IL « II # . TRAF 

6 ' lfflB-?ttlil)Slft»S*rilfe. 

[016] KANKLfltftttftfflBftftCft 4 Z U 7 ^ / 5 K <9 38> 1 1 * t 0 "? ft Z . (A) U 

7 ^ / $ K ttM CSF^ft T7RANKLIC «fe V WftrtlfeBMMtf © TRAP* MNC<9 PSK 1 51 ft t Z 
. COUlStt, ^'J-y^ (50UM) <9^iD-? U 7 t i - 7 Hfe . (B) 1/ 7 ^ ; § P <5!8)« 
tt fttt 7 t - VClfcS t Z . ft IB 7 r - y CO 24 h) ©U7;i/^K»ft (30uM) tt 5S 
tfflB^STt %^C51St ZV. t$«B7x--y (48 72 K) ® ft tt 59) ft * I) . 

[017] RANKLE ft ttftSBBKftCft »t H 7* / ^ F <5ajRtStB?ftZ. invitr 
o^tlfflB^tt^OigWaft (TRAPft 6 ) T ft t . I/ 7 ;i/ / $ h- <0 ft ft JB) ft tt O y V > IT 
J: 'J U 7 + a - r H Z . 1/ 7 h J § h" tt ft ft JOB 85 ft HB 9 JSft C tt fl) ft t ft fe « 11 C ^ 50 
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cat. 

[0181 RANKLE Sttftt35'7t>UfiJl»»Cftit3U7&/^f ! <?>»*tffitH? 
ft 3 . (A) U 7 ^ / $• K RBMMCft I) 7RAKKL#SS$ t 7 P38, ERK. $ » JNK<5 5S ft ft C 
tt£«S8)8#St). (B) BMM"? RANKLE SI 9 * 7 NF /c B<9 ;S tt ft IC K t 7 U 7 ;i, / $ K <9 
38)*. (C) RANKLC <fc 7 Akt<t);S^ft « U 7 ^ / $ t-' C<t V Bit 5 't S II . 

[01?] RANKLE ft 9 t 3 & fi ? C ft it 7 U 7 A? / S K 9 ttfi 9 9* / & 7 4 K Z 9 'J - 
:>798»titS?Jii. 611*7 tt RANKLE in Oh. H II * 7 ^ tt 24' K £ C) mRN 
A%S (avera9e difference) t 3\ t . 

[020] NFATc1j&S&9T* t Alfel/ 7* / ^ F CJ: J RANKLE 7 1 h M Q> HI 3 T « 
t 0? A 3 . RANKLE 7t;U<5*«.X7'<X-*-<?>*»Cttt3U7;U < /§t f 0flJ»t 10 
»t. NFATcl B RANKLIC <fc M »l«Ctt»t ft . * ft G) ft a ? lift 'J > 18 ft (7 7 * 'J 7 9 ? 
St) 7 ft 7 . 1/ 7 )\, / $ h" I* KFATd % «C*JU7SU)IIS»>JRtito. 

[021] NFATc1«H®T»trtOfcU 7 A / $ F C J; 7 RAKKL5/ 9" 7" K £)i <?> H S t JR 
tB?»I. I/7*;5F 0*fcT*fettl*fcfcT?RANKL?W»OfcBMMC»it 7 c Fos 
. TRAF6, ft *&»MFATc1©9B»tmt. 

[022] KFATcl « »C)TlltH) t ^7Jl/^ , CJ;2 RANKLE 7 ? JUfcii <9 SI * t « 
t0?ft 7 . RANKLC J; ') m 9 7 +1 7 BMMO Ca 2+ 5/ 7 ? K £ it C *J t 7U7;U/$:F<?>58)IS 
t«t. Ca 2+ ^>^7-^-tD-h-U-?$-liaBB<<)[Ca 2 + ]i(9$ftt«aib^. ^ ft Y 
*l<?>attHl}«»®*«3IBBt*t (SItt*Xt*8). 

[0 2 3 ] NFATclMS&<4>T 51 t /V U 1/ 7 & / $ K IC J: 7 RANKLE 7 t )l & it © 81 « t /fv 20 
t0"?ft 7 . l/7A/$F<i)iSl«i:^rn Fos. TRAF6, ft <fc c> KFATd 9 1/|>D^ 

iuciJiijf s^ait^t. 

[0243 Ra9 2 ' 7?*<&*tftt#««0T»»#fc&tt£7*;i>C»it3l/7*/^K 
©39)*t/fvt0-fi?»7. Ra9 2 ' 7 7 7 mPSl* , ttf IBIBtfft® itV#ffiliat'!&& 
Ttt* t 3 . #55* ft TRAP* ft * t>NFATd + 19 US O 29 18 & <9 if A] t#o7U ? : VCitl. 
l/7;i</$FRC<?>t*iRt*ijSlC5!t»t7. 

[025] Ra9 2 7 7^7©*attt««<i>TiB»fttt*ttE7*/i>cftit3i/7^y^K 

<?a«tfvtE?J)J. (A) &#I9§3&. NFATc1*IBB». ft <fc c> t «l 8 * tt 9 *i A] * V 
<5#*aA7^-*-C«tJ U 7^^ $ h" LEFtt l/7^/$Ft*t. (*P<0. 0 

5 «i!t)k)K). (B) JtittlHl©i«C«tn7^/§F<!>ttI. 30 
[02 6] IS » II -7 7 f &*<?>* /»« J* J? C ft if 3 NFATcl <9 3gHttftH?ft3. IS 63 
•J 7 7 f &£ <9t/7»lltf #<DTRAP + NNCttNFATclHft? ft 7 . £ 7 © ft 5ft ? 19 tt 9 64 £ # 
a "J ftfe. *A*JHiH»*B»?BU ^^?NFATc1t*at 7#1&iR5lStl9§3<i>&*® 
~? ft 7 . IgS'J^Yfiliatt, 4 > 7 * - LP 3> U> b QT . IKtVlCJi'JllI 
ajftfit* it 3 H0 'J O 7 f II (n=4) <9 «5 ffl»t $C * tt CMCIC S 

« . a tt L . KFATcl R «t*Wffl*rj8E«U*J:?c:a*rUfc. 
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